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HUMAN  OSTEOLOGY. 


IMPORTANCE  Whoever  would  become  a  good  anatomist  and  a 
A.ND  LvTEEEST  OF  skilful  surgeon  must  make  himself  master  of 
Osteology.  Human  Osteologj.    It  must  be,  not  only  his  first, 

but  his  principal  and  constant  study.  During  his  dissections  he 
ought  to  be  continually  referring  to  the  skeleton.  He  cannot  re- 
duce the  simplest  dislocation  without  a  competent  knowledge  of  the 
bones.  The  subject  appears  dry  and  tedious  to  a  beginner — what 
study  indeed  does  not? — but  a  little  progress  will  convince  him 
that,  so  far  from  being  dry,  it  is  full  of  interest,  not  only  as  condu- 
cive to  professional  success,  but  for  its  own  sake.  No  part  of 
creation  displays  more  manifest  design  than  the  human  skeleton. 
Undertaken  in  a  right  spii-it,  the  study  of  it  becomes,  with  many, 
a  favourite  pursuit,— leads  us  to  look  a  little  beyond  'final 
purposes,'  and  creates  a  natural  longing  to  know  something  of  the 
.skeleton  of  the  lower  animals,  that  we  may  the  better  judge  of  the 
admirable  construction  of  our  own ;  for  it  is  only  by  comparison 
that  we  ca.n  judge.  When  the  great  truth  unfolds  itself,  that  our 
own  structure  is  but  a  modification  of  the  '  one  common  pattern ' 
upon  which  all  vertebrate  animals  are  formed,  we  cannot  but  feel 
with  the  philosophic  poet,  that— 

'Tis  the  suMime  of  man, 

Our  noontide  majesty,  to  know  ourselves 

Parts  and  proportions  of  a  wondrous  whole. 

Coleridge. 

U.SES  OP  THE  The  bones  form  a  framework  for  the  moulding 
Boxes.  and  support  of  the  soft  parts  of  the  body :  they 

form  cavities  for  the  lodgment  and  protection  of  delicate  organs,— 
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e.g.  the  skull  for  the  protection  of  the  brain  ;  the  vertebral  canal  for 
the  protection  of  the  spinal  cord ;  the  orbits  for  the  protection  of 
the  e,yes ;  the  chambers  in  the  temporal  bone  for  the  protection  of 
the  internal  ear;  the  chest  for  the  protection  of  the  heart  and 
lungs,  &c.:  they  form  the  joints  for  the  locomotion  of  the  whole 
body,  as  well  as  for  the  movement  of  its  individual  parts :  they 
form  levers  for  the  action  of  the  muscles. 

General  Com-  ^one  is  composed  of  a  basis  of  animal  matter 
POSITION  OF  Bone,  impregnated  with  'bone  earth'  or  phosphate  of 
Ts  Analysis.  lime.  The  first  ingredient  makes  it  tenacious  and 
elastic;  the  second  gives  it  the  requisite  hardness.  The  analysis 
is  easily  made.  Place  a  bone  in  a  solution  of  one  part  of  dilute 
hydrochloric  acid  to  five  or  six  of  distilled  water ;  in  a  few  days  all 
the  earthy  part  will  be  dissolved  out  by  the  acid,  and  the  animal 
part  will  be  left.  The  bone  will  be  scarcely  altered  in  shape  or 
colour,  but  it  can  be  bent  and  twisted  in  any  direction.  To  get  rid 
of  the  animal  matter,  we  have  merely  to  boil  the  bone  for  a  long 
time ;  or  the  bone  may  be  calcined  till  all  the  animal  matter  is 
burnt  out.  In  either  of  these  ways  the  animal  constituent  of  the 
bone  will  be  removed,  and  nothing  left  but  the  earthy.  The  animal 
matter  consists  of  gelatin  (or  glutin),  which  is  nearly  all  soluble  in 
boiling  water.  Everyone  knows  that  soup  may  be  made  out  of 
bones.  Notwithstanding  their  antiquity,  fossil  bones  are  found  to 
contain  nearly  as  much  animal  matter  as  recent  bones.  Grimbernat 
made  soup  from  the  gelatin  of  the  mastodon's  tootl:,  as  Dr.  Buck- 
land  afterwards  did  from  the  fossil  bones  of  the  hysena. 

As  to  the  relative  proportions  of  the  animal 

Kelative  Peo- 

poRTioNs  OP  THE  earthy  matter  in  bone,  the  best  chemists 

Animal  and  agree  that  the  animal  part  forms  about  one  third, 
Eabthy  Mattes,  ^.j^^  earthy  two  thirds.  Are  these  proportions  con- 
stant ?  Do  they  vary  at  different  periods  of  Ufe,  and  in  different 
bones  of  the  skeleton  ?  It  is  the  generally  received  opinion  that 
they  do  vary.  It  is  believed  that  the  animal  element  predominates 
in  the  bones  at  the  beginning  of  life,  and  the  earthy  element  at  the 
decline.  This  is  assigned  as  the  reason  why  the  bones  of  children 
are  so  elastic,  so  liable  to  be  indented,  as  by  a  blow  on  their  skull- 
cap, and  to  bend  like  a  green  stick  ratlier  than  break  like  the 
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bones  of  the  aged.  Some  recent  investigators,*  however,  have 
impugned  the  correctness  of  this  opinion.  Their  analyses  go  to 
prove  that  eq^ud  tueights  of  bone  tissue  contain,  at  all  ages,  and  in 
all  bones,  nearly  the  same  relative  proportions  of  animal  and  earthy 
matter.  A  particle  of  bone,  they  say,  is  a  definite,  not  a  variable 
compound.  The  hardness  and  compactness  of  bone  depend,  not 
upon  the  variations  of  its  earthy  ingredient,  but  upon  the  quantity 
of  bone  condensed  in  a  given  space.  The  peculiarity  of  the  bones 
of  children  arises  from  the  greater  sponginess  of  theii'  textm-e,  and 
from  the  layers  of  cartilage  introduced  in  appropriate  parts  to 
facilitate  growth  and  to  break  shocks. 

Behzeltds's  The  following  is  Berzelius's  analysis  of  adult 

A->-ai.tsi3ofBone.    human  bone: — 


Animal  matter 

Earthy  matter,  namely — 

Tribasic  phosphate  of  lime 

Carbonate  of  lime 

Fluoride  of  calcium 

Phosphate  of  magnesia  . 

Soda  and  chloride  of  sodium 


33-30 

51-04 
11-30 
2-00 
M6 
1-20 

100-00 


In  the  disease  of  early  life  called  'rickets,'  in 
which  the  bones  bend  and  become  distorted,  from 
deficiency  of  earthy  matter,  Dr.  Bostock  found 
the  proportions  of  animal  and  earthy  matter  to  be — 


I>E.  Bostock's 

AifALTSTS  OF 
ElClCETT  BOJTES. 


Animal  matter 
Earthy  matter 


79-75  per  cent. 
20-25  „ 


»  i)r.  SUrk,  ' Edinb.  Med.  and  Surg.  Journal,' April  1846;  Ndlaton, 'Elements 
de  Pathologic,'  t.  i.  p.  636. 

Mr.  R.  Tnson,  Demonstrator  of  Chemi.stry  at  St.  Bartholomew's  Hospital,  has 
given  me  the  snbjoine'l  analysi.s  of  100  parts,  by  weight,  of  human  long  bones  of 
different  ages: — 

Attiirtli.  lOYenrg.  30  Ycnrs.  71  Years. 

Organic  matter  .  .  .  36  37  .  •  •'i2'62  .  .  32  04  .  .  32-94 
Inorganic  matter    .    .    04  63    .    .    07-38    .    .    07'96    .    .  67-06 


10000  100-00  100-00  10000 
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Of  all  animals,  the  bones  of  birds  (especially  of  the  predaceous 
kind)  contain  the  largest  proportion  of  earthy  matter.  Hence 
their  gfeat  compactness  and  white  colour.  The  bones  of  mammalia 
come  next ;  then  those  of  reptiles  ;•  and  last  of  all  those  of  fishes. 

Importance  of  ^he  earthy  ingredients  of  bone  the  phosphate 

Phosphate  of  of  lime  holds  by  far  the  first  rank ;  hence  it  is 
commonly  called  'bone  earth.'  Adult  bone  con- 
tains 51  per  cent,  of  it,  and  about  11  per  cent,  of  the  carbonate  of 
lime.  Carbonate  of  lime  is  the  principal  ingredient  in  the  harden- 
ing of  shells.  But  the  phosphate  of  lime  is  used  to  harden  bone, 
because  it  forms  a  harder  compound  with  animal  matter  than  the 
carbonate.  What  can  be  harder  than  the  enamel  of  the  teeth? 
And  this  consists  of  a  very  large  proportion  of  phosphate  of  lime 
combined  with  animal  matter.  According  to  Berzelius,  there  is 
only  2  per  cent,  of  animal  matter  in  the  enamel,  and  of  the 
remaining  98  parts,  88  J  consist  of  phosphate  of  lime. 

Phosphate  of  lime  enters  not  only  as  the  principal  earthy 
ingredient  into  the  composition  of  bone,  but  is  contained,  more 
or  less,  in  nearly  all  the  tissues  of  the  body.  Of  all  inorganic 
materials  it  appears  to  be  the  most  essential  both  for  vegetable 
and  animal  life.  Therefore  it  is  not  only  a  most  important  article 
of  diet,  but  also  a  necessary  manm-e.  'Those  parts  of  plants 
which  experience  has  taught  us  to  be  the  most  nutritious,  contaiu 
the  largest  proportion  of  the  phosphates, — such  as  bread-corn, 
peas,  beans,  and  lentils.'  *  It  has  been  ascertained  by  experiment, 
that  if  animals  have  their  entire  supply  of  phosphate  of  lime  cut 
off,  after  some  weeks  of  illness,  they  are  attacked  with  diarrhoea, 
which  soon  kills  them.  Their  bones  are  found  very  much  softened; 
and  it  is  not  unlikely  that  the  phosphates  are  absorbed  from  their 
bones  to  supply  other  more  important  structures,  such  as  the  nerves 
and  muscles. 

It  is  the  quantity  of  phosphate  of  lime  in  the  bones  which 
makes  them  so  valuable  as  manure.  The  bones  are  boiled  to  extract 
the  gelatin  or  glue ;  afterwards  they  are  crushed  in  a  mill,  and,  as 
'  bone  dust,'  form  an  extensive  article  of  commerce. 


*  Liebig's  '  Letters  on  Chemistry,'  p.  522. 
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Strength  of 
BoxE. 


From  the  experiments  of  Professor  Eobinson,  it 
appears  that  the  strength  of  bone,  as  contrasted 
with  other  substances,  is  remarkable.  He  found  that  the  following 
materials  stood  in  point  of  strength  to  each  other  thus  : — 


Fine  freestone,  as 
Lead 

Elm  and  ash . 
Box,  yew,  oak 
Bone 


1-0 
6-5 
8-5 
11-0 
22-0 


Hence  bone  is  twice  as  strong  as  oak.  Professor  Eobinson  found 
that  a  piece  of  bone  an  inch  square  would  bear  5,000  lbs.  weight.* 
Besides  this,  we  shall  presently  see  that  bone  is  constructed  so  as 
to  give  the  greatest  strength  with  the  least  expenditure  of  mate- 
rials.   The  specific  gi-avity  of  bone  is  from  1*87  to  1*97. 

EiAsnciTY  OF  III  consequence  of  the  animal  matter  they  con- 
BoN-E.  tain,  bones  possess  a  certain  amount  of  elasticity. 

If  a  skull  be  thrown  upon  the  ground,  it  will  rebound.  The 
degree  of  elasticity  varies  in  different  bones,  according  to  their 
form  and  texture.  The  clavicle,  for  instance,  owing  to  its  curved 
form,  is  remarkably  elastic, —  a  property  which  enables  it  to  break 
the  shock  of  a  fall  upon  the  hand.  If  one  end  of  a  clavicle  be 
placed  at  a  right  angle  against  a  hard  substance,  and  the  other 
end  struck  smartly  with  a  hammer,  the  bone  will  rebound  to  a 
distance  of  nearly  two  feet.  The  ribs,  too,  are  exceedingly  elastic. 
The  Arab  children  make  excellent  bows  with  the  ribs  of  camels. 
Perhaps  the  best  instance  of  elasticity  in  bone  is  the  clavicle 
(merry-thought)  of  the  bird.  It  acts  as  a  spring,  and  restores  the 
base  of  the  wings  to  their  proper  position  after  the  action  of  the 
muscles  of  flight.  All  the  long  bones  in  the  human  body  are  more 
or  less  curved,  that  they  may  have  the  benefit  of  elasticity. 

Bmsios  OF  Though  the  bones  present  every  variety  of  form 
Bones  isToTHKEE  and  size,  yet,  for  convenience  of  description,  ana- 
Classks.  tomists  divide  them  into  three  classes: — 1.  The 

long  and  round  ;  2.  Tlie  broad  and  flat;  3.  The  short  and  square. 


*  Gregory's  '  MfchanicH,'  vol.  i.  c.  v. 
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or  irregular.  The  long  and  round  form  the  great  levers  of  the 
limbs,  and  are  adapted  for  motion.  The  broad  and  flat  are  found 
chiefly  in  the  skull  and  pelvis,  and  are  adapted  for  protection. 
The  short  and  irregular  are  for  limited  motion  combined  with 
strength;  as  the  bones  of  the  spine,  the  carpal  and  tarsal 
bones. 

In  describing  the  different  parts  of  a  bone, 
we  use  terms, — Latin,  Grreek,  or  English, — which 
denote  either  the  form  of  the  part,  or  its  fancied  resemblance  to 
some  natural  object,  or  the  pm'pose  it  serves.  We  soon  become 
familiar  with  such  terms  as  '  eminences,'  '  depressions,'  '  processes,' 
'  tuberosities,'  '  spines,'  '  foramina,'  '  notches,'  '  canals,'  '  sinus,' 
'fossse,'  '  trochanters,' '  condyles,' etc.  Again,  there  are  parts  of 
bones  named  after  some  celebrated  anatomist,  who  first  described 
them :  for  instance,  the  '  aqueduct  of  Fallopius,'  '  the  antrum  of 
Highmore,'  '  the  fissure  of  Glaser,'  the  '  canal  of  Vidius,'  etc. 

Let  us  examine,  first,  the  structure  of  bone, 

Bonb!^'^™ompact  s^^^  ""'^^^         naked  eye ;  after- 

AUD  Cancellous  wards,  its  minute  structure  with  the  microscope. 
Tissue.  Lastly,  we  will  study  the  development  and  growth 

of  bone. 

The  best  way  to  obtain  a  rough  idea  of  the  structm-e  of  bone  is 
to  make  a  vertical  section  through  one  of  the  long  bones — say  the 
femui- — all  the  way  down  (Plate  L).  "We  then  see  that  the  outer 
part,  or  '  wall,'  of  the  bone  is  compact  like  ivory ;  the  interior  is 
hollow,  forming  the  '  medullary  canal,'  or  cavity  containing  the 
marrow.  The  ends,  which  expand  to  form  the  joints,  are  com- 
posed of  a  beautiful  network  of  plates  and  columns  of  bone,  form- 
ing what  is  called  '  cancellous  or  spongy  tissue,'  which  in  the  recent 
state  is  also  filled  with  marrow. 

Why  is  the  shaft  of  a  long  bone  hollow  ?  Not 

Shaft    of  a 

Bone,  why  Hul-  only  for  lightness'  sake,  but  because,  the  amount 
LOW.  Qf  material  being  the  same,  a  hollow  cylinder  is 

much  stronger  than  a  solid  one.  It  is  proved  that  the  lateral 
strengths  of  two  cylinders  of  equal  weight  and  length,  of  which 
one  is  hollow  and  the  other  solid,  are,  respectively,  as  the  diameters 
of  their  transverse  sections ;  provided  always  that  the  diameter  of 
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the  tube  be  within  certain  dimensions.    Thus,  let  a  b,  c  d  (figs.  1 
and  2)  represent  the  sections  of  two  ^  ^^^^  2 

cylinders ;  then  the  strength  of  the 
tube  d  c  is  to  that  of  the  solid  a  b 
as  the  line    c  is  to  a  b* 

In  the  early  part  of  the  seven- 
teenth century,  Galileo  observed  that 
nature,  on  this  principle,  increases  in 
a  variety  of  instances  the  strength  of 

bodies  without  adding  to  their  weight.  This  most  profound  phi- 
losopher, when  accused  of  atheistical  opinions,  and  interrogated 
before  the  Inquisition  as  to  his  belief  in  a  Supreme  Being,  picked 
up  a  straw  from  the  floor  of  his  prison,  and  replied,  'If  there  were 
nothing  else  in  nature  to  teach  me  the  existence  of  a  Deity,  even 
this  straw  would  be  sufficient.' 

AiK  Cells  en  Thus  are  strength  and  lightness  combined  in 
Bone.  the  economy  of  bones.    This  principle  is  carried 

to  the  extreme  in  the  bones  of  birds,  which  are  filled  with  air 
instead  of  marrow.    There  is  a  communication  between  the  lungs 
and  the  ca\ities  in  the  bones  of  birds ;  and  the  air  which  fills  the 
bones  being  waiTn,  renders  them  still  lighter.    It  was  formerly 
believed,  that  the  extent  to  which  air  is  admitted  into  the  skeleton 
of  birds  varies  according  to  their  powers  of  flight.    But  Huxley  f 
has  pointed  out  that  this  relation  does  not  hold  good  in  all  in- 
stances, since  in  the  ostrich  the  bones  are  more  pneumatic  than  in 
the  gialls  and  in  the  smaller  song  birds.    The  great  beak  of  the 
hornbill  forms  one  great  air  cell ;  even  the  thin  columns  of  the 
cancellous  tissue  in  the  interior  are  hollow  and  filled  with  air.  In 
this  bird,  in  the  swifts  and  the  humming-birds,  every  bone  of  the 
skeleton,  down  to  the  little  bones  of  the  claws,  is  filled  with  air. 
In  the  little  'apteryx'  of  New  Zealand,  which  has  no  available 
wings,  and  in  the  penguin,  which  never  or  rarely  leaves  the  water, 
not  any  bone  of  the  skeleton  except  those  of  the  skidl  receives 
air.    In  mammalia  there  are  no  air  cells  except  in  the  bones  of 
the  head.    There   are   large  air  cells  (sinuses)  in  the  frontal, 


»  Bishop  'On  Dcformil  icH,'  1852,  p.  14. 

t  '  MHuual  of  Anatomy  of  the  Vertebrated  Animiile.' 
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sphenoid,  ethmoid,  palate,  maxillary  and  mastoid  bones  in  man. 
But  in  some  animals  these  air  cells  are  carried  to  a  much  greater 
extent'.  The  most  remarkable  development  of  air  cells  in  the 
mammalia  is  seen  in  the  skull  of  the  elephant.  His  intellectual 
physiognomy  is  caused,  not  by  the  size  of  the  brain  case,  but  by 
the  enormous  air  cells  between  the  two  plates  or  tables  of  the  skull. 
The  same  may  be  said  of  the  owl.  In  the  giraffe  there  is  the  same 
arrangement  of  air  cells  between  the  two  tables  of  the  skull.  In 
the  great  extinct  sloths  the  upper,  back,  and  side  walls  of  the 
cranium  were  thus  inflated  with  air ;  so  that  in  these  instances  the 
brain  is,  as  it  were,  protected  by  a  double  skull,  with  air  between 
the  two.  This  modification  not  only  lightened  the  skull,  but  protected 
the  brain  from  the  falling  trees  uprooted  for  food  by  these  animals. 

BoNB  DiTisiBLB  Although  the  compact  tissue  of  bone  seems  hard 
INTO  Layees.  and  solid  as  stone,  yet  it  is  made  up  of  layers 
placed  so  close  together,  that  there  is  no  apparent  interval  between 
them.  Towards  the  articular  ends  (Plate  I.  fig.  3),  the  layers 
gradually  separate  to  form  the  cancellous  tissue,  and  the  compact 
tissue  becomes  thinner  in  proportion.  In  bones  that  have  been  long 
weatherbeaten  in  a  churchyard,  'these  layers  may  be  peeled  off 
one  after  another ;  or  if  the  earthy  matter  be  removed  by  acid,  the 
animal  matter  admits  of  being  stripped  off  like  so  many  leaves.  It 
Fig.  3.  is  essential  to  bear  in  mind  this  lamellar 

structure  of  bone,  because  it  explains  what 
is  observed  in  cases  of  inflammation  of  bone 
— namely,  that  the  enlargement  of  the  blood- 
vessels together  with  the  inflammatory  de- 
posit separates  the  layers  from  each  otlier, 
and  thus  causes  the  bone  to  expand  and  be 
perceptibly  increased  in  diameter,  as  seen 
in  the  adjoining  wood-cut  (fig.  3),  taken  from  a  preparation  in 
the  museum  of  St.  Bartholomew's  Hospital. 

Cancellous  "^^^  cancellous  tissue  occupies  the  interior  of 

TissuB.  Adap-  bones,  and  chiefly  the  articular  ends.  It  is  formed 
TATioN  OF  ITS  ^j^g  spparatiou  of  the  component  layers  of  the 

Weight  TO  bT  bone,  and  these  are  connected  by  cross  plates  and 
SUSTAINED.  fiue  columns,  so  as  to  form  a  kind  of  lattice-work 


ON  THE  STRUCTURE  OP  BONE.  y 

with  a  most  delicate  and  elegant  arrangement.  The  direction  of  this 
cancellous  architecture  in  all  parts  of  bones  is  arranged  upon  this 
principle  : — its  columns  always  run  in  the  direction  best  adapted  to 
support  the  pressm-e  which  the  bone  has  to  bear.  A  beautiful  example 
of  this  is  seen  in  the  section  of  the  cancellous  tissue  of  the  thigh- 
bone (Plate  I.).  At  the  lower  part,  towards  the  knee,  the  layers  run 
vertically, — that  is,  in  the  direction  of  the  axis  of  the  shaft,  this 
being  the  line  of  pressure  when  the  body  is  erect.  But  in  the  neck 
of  the  thigh-bone  the  layers  are  arranged  in  decussating  curves 
like  the  arches  in  Gothic  architecture,  one  within  the  other,  in 
order  to  sustain  with  the  greatest  mechanical  advantage  the  weight 
transmitted  on  to  the  heads  of  the  thigh-bones. 

Though  so  light  and  spongy,  the  cancellous 
Cancellous  Tis-       .  .  ,  ,  ,        ■  ^  j  i 

SUE.  Its  Strength    tissue  IS  able  to  support  a  great  weight  without 

A>-D  PBOPEKTT  OF    giviog  Way.     We  may  form  some  idea  of  its 

BBEAKc-G  SHOCKS.     g^j.g^g.^]^  f^.^j^  the  followiug  experiment  :*— A 

cubic  inch  of  cancellous  texture  was  taken  from  the  lower  end 
of  the  femur,  and  placed  with  its  principal  layers  upright.  Four 
cwt.  was  then  placed  upon  it,  but  it  did  not  give  way  in  the  least. 
Six  cwt.  made  it  sink  half  an  inch.  Yet  the  cubic  inch  of  bone  itself 
did  not  weigh  more  than  54  grains.  Not  only  is  cancellous  tissue 
strong  as  well  as  light,  but  it  possesses  also  another  advantage — 
that  of  breaking  shocks.  When  one  ball  of  ivory  strikes  another, 
as  in  the  game  of  billiards,  the  whole  force  of  the  shock  is  trans- 
mitted from  one  to  the  other ;  but  let  a  ball  made  of  the  cancel- 
lous tissue  of  bone  be  interposed,  and  then  see  how  the  shock  will 
be  broken.  This  property  of  breaking  shocks  is  of  course  greater 
when  the  bone  is  in  its  natural  state  and  filled  with  marrow. 

The  spaces  formed  by  the  cancellous  tissue  vary  in  size  and 
shape,  but  freely  communicate  with  each  other,  and  with  the  holes 
on  the  surface  of  the  bones.  This  communication  is  easily  proved 
by  boring  a  hole  at  one  end  of  a  bone,  and  pouring  quicksilver 
into  it : — we  shall  find  that  the  quicksilver  will  run  out  freely 
through  the  natural  holes  at  the  other  end. 

Marrow  Ykliow  "^''^  interior  of  the  filiaft  of  a  long  bone  is  filled 
A.vi)  liKD.  ^iti,  yellow  marrow  ;  a  substance  composed  almost 


«  > 
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entirely  of  fat  (96  per  cent.) ;  that  is,  in  bones  that  are  healthy. 
Like  all  other  fat,  it  is  removed  in  cases  of  great  emaciation, — in 
general  dropsy,  for  instance  ;  and  its  place  is  supplied  by  an  albu- 
minous fluid.  Hence  the  bones  of  a  dropsical  subject  are  always 
the  least  greasy,  and  the  best  adapted  for  skeletons. 

But  the  cancellous  tissue  of  the  articular  ends  of 

Ked  Maerow. 

long  bones,  and  of  the  bodies  of  the  vertebrae,  the 
sternum,  the  ribs,  and  the  bones  of  the  cranium,  contain  another 
kind  of  marrow  of  a  red  colour.  This  red  marrow  differs  from  the 
yellow,  in  that  it  contains  little  or  no  fat, — not  more  than  1  per 
cent.,  according  to  Berzelius :  it  consists  of  water  75  per  cent., 
and  25  per  cent,  of  solid  matters,  chiefly  albumen.  It  is  this  kind 
of  marrow  which  is  found  in  all  the  bones  of  the  foetus,  and  in 
infants.  Hence  it  is  sometimes  called  foetal  marrow.  Examined 
with  a  high  magnifying  power,  it  is  found  to  contain  a  number  of 
oval,  many-nucleated  cells  (Plate  IV.  fig.  9).  We  direct  attention 
to  these  cells  the  more  because  they  form  one  of  the  characteristics 
of  a  class  of  tumours  termed  'myeloid'  {fj,v£KQ)8ijs,  marrow-like), 
from  their  being  chiefly  composed  of  them  ;  *  morbid  growths  being 
in  the  present  day  named  and  classified  as  much  as  possible  after 
their  likeness  to  natural  structures. 
„     -n  At  the  articular  ends  of  any  long  bone,  or  on 

How   BONBS  °  ' 

ARE  SUPPLIED  tho  body  of  a  vertebra,  -we  observe  a  number  of 
■WITH  Blood.  holes.  Near  the  lower  end  of  the  thigh-bone  we 
might  soon  count  as  many  as  200  or  more.  What  are  these 
holes  for  ?  The  smaller  are  for  the  transmission  of  the  articular 
arteries  for  the  nutrition  of  the  cancellous  tissue,  which  is  exceed- 
ingly vascular.  The  larger  are  for  veins  which  return  by  tliem- 
VbinsofthbCan-  selves.  These  veins  of  the  cancellous  tissue  are 
cELLous  Tissue.  large  and  numerous.  They  traverse  and  ramify 
through  this  tissue  in  various  directions  in  special  canals  with 
thin  walls  of  bone.  They  are  well  seen  in  a  section  through 
a  vertebra  (Plate  V.  fig.  7),  also  in  the  cancellous  tissue  (termed 
'  diploe ')  of  the  cranial  bones.  In  a  surgical  point  of  view 
these  '  diploic '  veins  are  interesting,  on  account  of  their  liabi- 
lity to  inflame  after  severe  injuries  of  the  head:  such  inflam- 
•  '  Lectures  on  Surgical  Pathology,'  by  Sir  J.  Paget,  P.E.S. 
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mation  may  lead  to  suppuration  in  the  diploe,  which  is  often  fatal. 
The  adjoining  cut  shows  the  large  venous  canals  in  the  'diploe' 
of  the  skull-cap.  Ftr.  4. 

Again,  on  the  outside 
of  the  shaft  of  a  long 
bone  there  are  a  number 
of  minute  grooves,  which 
run  for  the  most  part 
parallel  to  the  shaft,  and 
are  for  the  lodgment  of 
blood-vessels.      At  the 
bottom  of  these  grooves 
lie  a  midtitude  of  still 
more  minute  holes,  barely 
visible  to  the  naked  eye, 
but  easily  seen  through  a  small  pocket-glass.    These  holes  trans- 
mit the  blood-vessels  for  the  nutrition  of  the  compact  tissue, 
which  come  from  the  '  periosteum,'  or  membrane  covering  the 
bone.    The  marrow  in  the  interior  of  the  bone  is  supplied  with 
Abteet  of       blood  by  the  '  medullary  artery.'     This  artery 
THE  Maheow.       reaches  the  marrow  through  a  very  distinct  canal 
(canal  for  the  nutrient  artery  of  the  medulla),  which  runs  ob- 
liquely through  the  shaft,  somewhere  near  the  middle  of  it.    In  a 
long  bone  like  the  femur  there  are  generally  two  of  these,  situated 
at  the  back  part  of  it.    As  soon  as  the  artery  reaches  the  medul- 
lary cavity,  it  divides  into  an  ascending  and  a  descending  branch, 
which  ramifies  for  the  supply  of  the  marrow,  and  finally  com- 
municates with  the  'articular'  arteries  already  described. 

Thus  the  several  parts  of  a  long  bone  are  supplied  with  blood 
as  follows  : — The  compact  wall  of  the  shaft  by  blood-vessels  from 
the  periosteum ;  the  marrow  in  the  interior  by  a  special  medullary 
artery ;  and  the  cancellous  tissue  of  the  ends  by  the  articular 
arteries.  The  blood-vessels  of  these  several  parts  are  not  exclusive, 
but  communicate  more  or  less  with  each  other.  Hence  they  rea- 
dily reciprocate  their  morbid  actions,  and  inflammation  arising  in 
the  one  part  may  spread  to  the  other.  Now,  altliough  these  three 
orders  of  blood-vessels  do  communicate  in  the  bone,  yet  we  cannot 
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Fig.  5. 


be  surprised  to  find  that  when  a  bone  is  broken  below  the  canal  for 
the  nutrient  artery  of  the  marrow,  the  lower  fragment,  being  de- 
prived of  part  of  its  supply  of  blood,  in  some  cases  becomes  atro- 
phied and  thinner.  Mr.  Curling  *  has  written  an  interesting  paper 
on  this  subject ;  and  a  preparation  is  put  \vp  in  illustration  of  it  in 
the  Museum  of  the  College  of  Surgeons.f 

Periosteum.  Everywhere  except  at  the  insertion  of  strong 
Its  use.  tendons,  and  where  covered  with  cartilage,  the 

bones  are  invested  with  a  tough  fibrous  membrane  termed  the 

periosteum.  Its  chief  use  is  to  provide 
a  bed  in  which  the  blood-vessels  may 
divide  and  subdivide,  and  so  reduce  them- 
selves to  a  size  small  enough  to  penetrate 
the  pores  on  the  surface  of  the  bones.  The 
adjoining  cut  shows  the  arrangement  of 
the  blood-vessels  of  the  periosteum.  The 
periosteum  likewise  provides  each  of  the 
vessels  entering  the  bone  with  a  fibrous 
covering.  In  foetal  life  it  ministers  to 
the  formation  of  the  bone,  and  ever  after- 
wards to  its  nutrition.  If,  therefore,  the 
periosteum  be  torn  from  the  surface  of  a 
bone,  there  is  a  risk  that  a  layer  of  the 
subjacent  bone  will  lose  its  vitality  and  be  cast  off. 

MBDU1.1-A11T  "^^^  medullary  canal  and   the    cells  (marrow 

Mesibeanb.  spaces)  of  the  cancellous  tissue  are  lined  by  an 
Endosteum.  extremely  delicate  membrane,  termed  tlie  'medul- 
lary,' or  '  endosteum.'  It  is  too  delicate  to  be  shown  as  a  con- 
tinuous membrane,  like  the  periosteum;  nevertheless,  it  supports 
the  marrow,  and  provides  a  stratum  for  the  subdivisions  of  the 
mediiUary  artery,  before  they  penetrate  the  contiguous  bone. 

Periosteum  and  bone  unquestionably  possess 
EHTEsoF  ()   .    ^gj^,^gg_   This  is  proved  by  absolute  demonstration, 
and  by  disease.    I  have  traced  nerves  into  some  of  the  minute 
foramina  on  the  shaft  of  a  long  bone,  and  into  the  articular  ends. 


BLOOD-VESSELS  Or  PEEIOSTEtJM. 


*  '  Mcdico-Cliir.  Triinsactions,'  vol.  xx. 
t  '  Patliol.  Cut.'  vol.  ii.  Prep.  No.  382a. 
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A  nerve  also  enters  the  medullary  canal  with  the  nutrient  artery 
of  the  medulla,  and  divides  like  the  artery  into  an  ascending  and 
a  descending  branch.  Of  all  the  bones,  the  tibia  presents  the 
largest  canal  for  the  nvitrient  artery  of  the  marrow ;  in  this  bone 
also  it  is  easy  to  trace  the  entrance  of  the  nerve  with  the  artery. 
Though  bone  in  health  has  but  little  sensibility,  yet  when  diseased 
it  becomes  greatly  exalted.  There  is  such  a  thing  as  '  nem-algia ' 
of  bone.  Every  surgeon  must  have  witnessed  how  sensitive  are 
granulations  from  bone.  Indeed,  it  is  probable  that  the  severe  pain 
attendant  on  the  vdceration  of  articular  cartilage  is  occasioned  by 
the  pressure  of  the  cartilage  on  the  bone  granulations  beneath  it. 

Lymphatics  of  The  lymphatics  of  bone  have  been  actually  de- 
BoNB.  monstrated  by  Cruikshank,*  who  succeeded  in  in- 

jecting the  lymphatics  of  the  body  of  a  vertebra.  Dr.  A.  Budgef 
has  recently  proved  by  injections  that  the  blood-vessels  of  Ha- 
versian canals  are  surrounded  by  perivascular  lymphatic  vessels. 
This  accounts  for  the  fact  that  ivory  pegs  introduced  into  bones,  for 
the  purpose  of  consolidating  imunited  fractm-es,  are  in  some  in- 
stances absorbed. 

Microscopic  Structure  of  Bone. 

This  is  a  most  interesting  and  instructive  study.  It  reveals  to 
us  that  bones  are  as  minutely  provided  with  blood-vessels  and 
nerves,  and  in  all  respects  as  much  cared  for,  as  the  softer  parts  of 
the  body.  Being  as  fully  organised  as  other  parts,  we  cannot 
wonder  that  they  are  subject  to  the  same  diseases.  We  have  to 
investigate  how  the  bones  are  formed  in  early  life,  how  they  grow 
to  maturity,  how  their  health  is  maintained,  how  their  injuries 
are  repaired.  Would  anyone,  looking  at  a  solid  bone,  expect  to 
find  that  even  its  hardest  parts  are  tunnelled  out  by  a  network 
of  minute  canals  for  the  passage  of  blood-vessels;  and  that  from 
these  canals  other  tubes,  infinitely  more  minute,  and  connected 
with  a  series  of  reservoirs,  radiate  in  all  directions  for  the  purpose 
of  nutrition  ? 

Oe.vkra;,  Idea       T-'^t  US  first  get  a  general  idea  of  the  micro- 
>jp  thk  3t'B.»ECT.       scopic  structure  of   bone,  and  go  into  details 

»  '  Amitomy  of  Iho  Absorbent  Vessels,'  1790,  p.  198. 
•f  '  Archiv  f.  Microsc.  Anutoniie,'  bd.  xiii. 
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afterwards.  If  a  transverse  section  from  the  shaft  of  a  long  bone 
be  ground  extremely  thin,  and  examined  with  a  power  of  about 
20  diameters  (Plate  11.  fig.  4),  we  see  a  number  of  holes,  with  dark 
spots  grouped  round  them,  in  a  series  of  tolerably  concentric 

Havebsian  circles.  These  holes  are  sections  of  the  canals 
Canals.  (termed '  Haversian,'  after  their  discoverer,  Clopton 

Havers  *)  which  transmit  blood-vessels  into  the  substance  of  the 
bone.  The  dark  spots  are  minute  reservoirs,  called  'lacunae.' 
They  look  like  solid  bodies,  but  they  are  cavities  and  are  occupied 
during  life  by  soft  '  bone  corpuscles,'  concerning  which  more  will 
be  said  hereafter.  As  we  examine  the  different  parts  of  the  section 
we  notice  that  the  Haversian  canals  vary  considerably  in  size  and 
shape.  They  are  generally  round  or  oval.  Those  nearest  to  the 
circumference  of  the  bone  are  very  small ;.  but  towards  the  medul- 
lary cavity  they  gradually  grow  larger,  and  at  last  open  out  into 
the  cells  of  the  cancellous  texture. 

Havbesian  Let  us  now  examine  the  same  section  with  a 

LAMELLiE.  higher  power  (Plate  II.  fig.  6),  and  we  shall  find 

that  the  Haversian  canals  are  surrounded  by  a  series  of  concentric 
lines,  reminding  us  of  the  transverse  section  of  the  branch  of  a 
tree.  These  lines  are  termed  the  '  lamellae.'  They  are  so  many 
layers  or  rings  of  bone  that  have  been  developed  within  the  Ha- 
versian canal.  Understand  that  even  the  smallest  Haversian  canal 
was,  when  originally  formed,  a  much  wider  space,  and  circum- 
scribed by  only  a  single  layer  of  bone ;  but  in  process  of  growth 
the  canal  becomes  gradually  contracted  by  the  deposit  of  successive 
layers  of  bone.  We  notice  also  that  the  dark  spots,  before  alluded 
to  as  the  '  lacunse,'  are  situated  between  the  lamellae,  and  that  now, 
under  a  higher  magnifying  power,  they  look  like  insects.  The  central 
part  of  the  lacuna,  representing  the  body  of  the  insect,  is  hollow, 
and  the  dark  filaments  which  run  out  from  it,  representing  the 
legs,  are  minute  tubes  termed  '  canaliculi.'  These  are  exceedingly 
numerous,  and  radiate  from  all  parts  of  the  '  lacuna,'  through  the 
lamellEe.  Now  since  the  canaliculi  of  one  circle  of  lacunas  commu- 
nicate most  freely  with  those  of  the  next  circle,  and  the  canaliculi 

*  Au  English  physician  of  the  seventeenth  century. 
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nearest  to  the  Haversian  canal  open  directly  into  it,  we  see  that 
by  means  of  this  system  of  radiating  tubes  a  complete  communi- 
cation id  established  between  the  Haversian  canal  in  the  centre, 
and  the  successive  circles  of  bone  which  surround  it.  The  nutrient 
material  of  the  bone  proceeds  from  the  blood-vessels  in  the  central 
canal,  and  is  transmitted  through  the  canaliculi  from  one  lacuna 
to  another. 

What  IS  AX  Ha-  Every  Haversian  canal  taken  in  conjunction 
vERsiA>- System  ?  j^is  concentric  layers  of  bone,  lacunae,  and 

canaliculi,  is  termed  an  '  Haversian  system.'  (Plate  II.  fig.  6.)  It 
may  be  compared  to  the  planetary  system.  As  the  sun  is  the 
centre  of  light  and  heat  to  the  planets  around  it,  so  is  the  blood- 
vessel in  the  Haversian  canal  the  centre  of  nutrition  to  the  sur- 
roimding  circles  of  bone. 

Almost  all  the  compact  substance  of  bone  is  made  up  of  a  multi- 
tude of  these  'Haversian  systems.'  Each  system  is,  to  a  certain 
extent,  independent  of  its  neighbour,  since  the  lacunae  of  one 
system  communicate  very  sparingly  with  those  of  another.  In 
consequence  of  this  isolation,  we  sometimes  find,  in  favourable 
sections,  that  each  system  is  more  or  less  circumscribed  by  a 
tolerably  distinct  white  line,  which  is  transparent  bone  with  but 
few  canaliculi. 

Havebsias  As   the  Haversian  systems  are  for   the  most 

Ln-terspaces.  ■pQ,xt  circular,  and  arranged  like  sticks  in  a 
faggot,  it  is  clear  they  cannot  touch  each  other  in  all  parts  of 
their  circumference ;  so  that  here  and  there  we  observe  that 
triangular  portions  of  bone  fiU  up  the  gaps  between  them. .  Such 
portions  are  termed  'Haversian  interspaces.'  (Plate  II.  fig.  4  &.) 
These  '  outlying '  portions  of  bone  are  also  provided  with  lacunae 
and  canaliculi,  and  they  derive  their  nourishment  from  the 
surrounding  Haversian  systems,  of  which  they  are,  so  to  speak, 
dependencies. 

The  section  we  have  hitherto  been  examining  was  a  transverse 
one.  We  must  now  make  an  equally  thin  section  in  the  longitu- 
dinal direction  of  the  shaft,  and  we  then  have  quite  a  different 
appearance  (Plate  II.  fig.  3).  We  cut  in  the  course  of  the  Haver- 
sian canals,  not  across  them ;  and  we  find  that,  as  a  general  rule, 
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tliey  run  parallel  to  the  surface  of  the  bone  (no  matter  whether 
long  or  flat),  and  that  they  communicate  very  frequently  by  trans- 
verse or  more  or  less  oblique  canals.  If  the  section  be  large  enough 
to  include  the  Haversian  canals  near  the  circumference,  we  find 
that  many  open  on  the  outer  surface  so  as  to  admit  blood-vessels 
from  the  periosteum ;  others,  again,  open  into  the  medullary 
canal,  to  admit  blood-vessels  from  the  interior.  In  this  way  the 
Haversian  canals  permeate  the  compact  substance  of  the  bone, 
and  establish  a  free  communication  between  the  blood-vessels  of 
the  periosteum  and  those  of  the  medulla.  These  canals  may,  in 
fact,  be  regarded  as  so  many  multiplications  of  surface  for  the 
ramifications  of  blood-vessels  in  order  that  no  part  of  the  bone 
substance  may  be  beyond  the  range  of  nutrition. 

In  this  longitudinal  section,  the  lamellae,  instead  of  being 
arranged  concentrically,  are  seen  running  in  lines  parallel  with  the 
Haversian  canals  to  which  they  belong. 

At  this  stage  of  the  investigation,  a  question 
naturally  arises— Where  is  the  earthy  material, 
the  phosphate  and  carbonate  of  lime  ?  To  see  this,  the  transverse 
section  must  be  magnified  about  1,200  diameters  (Plate  II.  fig.  5), 
We  then  discover  that  the  earthy  ingredient  consists  of  an 
infinite  multitude  of  minute  osseous  granules,,  which  are  deposited 
in  a  '  matrix '  or  bed  of  animal  matter.  This  mixture  of  earthy 
granules  and  animal  matter  we  call  '  bone  tissue.'  It  occupies 
all  the  space  between  the  lacunae  and  their  canaliculi.  If  the 
specimen  were  steeped  for  a  time  in  dilute  hydrochloric  acid,  the 
osseous  granules  would  be  dissolved  out  of  it,  and  the  little  pits  in 
the  matrix  in  which  the  granules  were  imbedded  would  become 
apparent. 

So  far  we  have  acquired  a  general  notion  of  the  minute 
structure  of  bone ;  that  is  to  say,  of  the  '  Haversian  canals,'  the 
'  lacunae  '  and  their  '  canaliculi,'  the  '  lamellae,'  and  the  '  osseous 
granules.'  We  must  now  speak  of  these  several  parts  a  little  more 
in  detail ;  and  first,  of  the  Haversian  canals. 

Haveusian  As  said  before,  the  Haversian  canals  are  tun- 

Oanals.  nelled  out  of  the  compact  substance  of  the  bone, 

for  the  purpose  of  conveying  blood-vessels  for  its  nutrition. 
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Observe,  they  form  no  part  of  the  essential  structure  of  bone. 
^Vl^erever  bone  is  so  thin  as  to  be  able  to  derive  its  nutrition  from 
the  vascular  membrane  covering  its  surface,  we  do  not  find 
Haversian  canals  in  it,  nor  does  it  require  any.  For  instance,  the 
delicate  plates  of  bone  composing  cancellous  tissue,  the  paper-like 
bones  in  the  interior  of  the  nose,  have  no  Haversian  canals  in 
them ;  but  they  have  plenty  of  lacunte,  which  send  out  their 
canaliculi  to  open  on  the  sm"face  and  imbibe  the  requisite  nutri- 
tion. Bone  so  thin  as  to  need  no  Haversian  canals  is  called  '  non- 
vascular '  bone.  Such  bone  lives  upon  the  blood  which  flows 
through  the  minute  vessels  of  its  periosteum.  Bone  has,  therefore, 
like  all  other  living  structures,  a  self-formQ,tive  power,  and  draws 
from  the  blood  the  materials  for  its  own  nutrition. 
The  Haversian  canals  vary  in  diameter  from 
ToVo  to  Too         inch,  the  average  being  about  The  smallest 

are  found  near  the  outer  surface,  where  the  bone  is  the  most  compact ; 
but  they  gradually  become  larger  towards  the  interior,  where  they 
open  out  into  the  cancellous  tissue,  or  into  the  medullary  cavity. 
All,  whatever  their  direction  may  be,  are  sun-ounded  by  concentric 
lamellae  of  bone  ;  but  the  number  of  the  lamellae  varies  round 
diflferent  canals  from  5  to  15  or  more;  a  smaller  number  in  young 
Theib  LmiNG  ^^^^i  and  a  larger  in  old.  All  of  them  are  lined 
IMkmbbank  by  a  very  delicate  membrane,  continuous  with 

the  periosteum.   The  smallest  canals  contain  only 
a  single  capillary  blood-vessel ;  the  larger  contain 
a  network  of  vessels,  while  the  largest,  which  gradually  merge  into 
the  cancellous  tissue,  contain  marrow  as  well  as  blood-vessels. 

Here  it  may  be  as  well  to  mention  a  fact  concerning  the  minute 
structure  of  bone,  which  should  never  be  lost  sight  of.  It  is  this: — 
that  everywhere  underneath  the  membrane  in  contact  with  the 
surface  of  }x)ne,  whether  it  be  the  periosteum  covering  the  exterior, 
the  prolongation  of  it  lining  tlie  Haversian  canals,  or  the  medullary 
membrane  (endosteum)  lining  the  cancelli,  there  is  a  delicate  layer 
of  soft  connective  tissue,  with  a  multitude  of  small  corpuscles 
in  it,  termed  '  osteoblaels.''  *    Now,  it  has  been  ascertained  that 

*  From  iariov  bono,  and  ^Kdaros  ti  bud. 
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these  osteoblasts,  and  the  soft  tissue  in  which  they  are  imbedded, 
are  mainly  concerned  in  the  formation  and  the  growth  of  the  bone ; 
and  that  by  the  successive  ossification  of  these  tissues,  the  con- 
centric layers  of  bone  are  produced  within  the  Haversian  canals. 

The  knowledge  of  the  free  circulation  of  blood 
Hatbesian  through  the  substance  of  bone  gives  us  the  key 

Cakals  from  to  some  of  the  effects  produced  by  inflammation 
Inflammation.  p^^,  example,  as  inflammation  in  soft  parts 

is  attended  by  dilatation  of  the  blood-vessels,  so  is  it  in  the 
case  of  bone.  When  bone  is  actually  inflamed,  the  blood-vessels 
in  the  Haversian  canals  become  greatly  enlarged,  and  cause  the 

canals  themselves  to  become  larger  by 
absorption  of  the  bone  tissue, — so  much 
so  as  to  give  the  bone,  sometimes,  a 
reddish  colour.  In  operations  where  the 
surgeon  has  to  cut  through  inflamed  bone, 
one  may  see  the  blood  flowing  from*  the  cut 
sm-face  of  the  bone,  as  it  would  from  the 
soft  parts.  More  than  this,  the  distended 
blood-vessels  may  occasion  not  only  a  gradual 
enlargement  of  the  Haversian  canals,  but 
their  inflammatory  deposit  may  cause  even  a  general  swelling 
of  the  compact  substance  of  the  bone  and  a  natural  separation 
of  its  component  layers,  so  that  it  becomes  light  and  spongy,  as 
seen  in  the  adjoining  cut.* 
^       ^  On  the  other  hand,  under  certain  cii-cumstances 

ThEIB    OBLITB-  ^  _    '  ■      •  n 

BATION  ITU  SOME  of  long-standing  disease,  e.g.  chronic  inflammation, 
CASES,  sometimes  find  that  bones  become  harder  and 

thicker  than  natural.  They  may  become  as  hard  as  ivory,  and  can 
take  a  polish.  Here  the  Haversian  canals  are  nearly  filled  up 
by  successive  layers  of  bone.  Indurated  bone  is  therefore  less 
vascular  than  healthy  bone.  A  good  example  of  'eburnation'  of 
bone  is  occasionally  seen  as  the  result  of  chronic  osteo-arthritis, 
where  the  articular  ends  of  bone  lose  their  cartilage  and  become 
hard  and  polished  like  ivory,  owing  to  the  blocking  up  of  the 
Haversian  canals  by  osseous  tissue. 

*  From  a  proparution  in  the  Musoiira  of  St.  Bartholomew's  Hospital. 
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The  'lacunae'  are  the  insect-like  cavities  which 

LACCNiE  CHARAC- 
TERISTIC OF  TRUE    we  find  between  the  lamellae,  arranged  in  concen- 

BoKE.    Their  circles  round  the  Haversian  canals.    They  are 

characteristic  of  true  bone,  and  distinguish  it  from 
'  calcifications,'  sometimes  met  with  as  products  of  disease.  For- 
merly the  lacunce  and  canaliculi,  in  consequence  of  their  dark 
colour,  were  considered  to  be  solid  ;  but  later  observations  have 
proved  them  to  be  hollow.  Each  lacuna  in  the  living  bone 
contains  a  soft  nucleated  substance  termed  a  '  bone  corpuscle, 
which  sends  its  soft  processes  or  '  outrunners '  along  the  canaliculi, 
and  of  which  the  function  is  to  circulate  nutritious  matter  through 
the  bone.*  Such  a  bone  coi-puscle  with  its  processes  highly 
magnified  is  shown  in  Plate  III.  fig.  5. 

As  a  rule,  the  lacunae  are  oval  and  flattened,  so  that  one  of 
their  broad  sides  may  be  tm-ned  towards  the  Haversian  canal.  The 
first  ring  of  lacunae  sends  half  of  its  canaliculi  directly  into  the 
Haversian  canal,  while  the  other  half  communicates  with  the 
canaliculi  of  the  second  ring,  and  so  on  throughout  the  whole 
system.  The  nutrient  fluid,  or  '  plasma,'  of  the  blood,  exuding 
through  the  coats  of  the  blood-^vessel  in  the  Haversian  canal,  is 
imbibed  by  the  inhabitants  of  the  nearest  row  of  lacunae,  and 
passed  on  to  all  the  others  in  the  Haversian  system.  One  may 
say,  then,  that  the  lacunae  are  parts  of  the  machinery  of  nutrition 
for  the  bone. 

Thktr  Size  In  man,  the  lacunae  measure  about  ^qVo 

ASD  Shape.  indj       their  long  diameter,  and  about  -g-oVo 

their  short.  It  has  been  shown  by  Mr.  Quekett  that  they  vary 
in  size  and  shape  in  the  four  great  classes  of  animjils,  so  that  by 
means  of  this  test  it  can  be  ascertained  with  certainty  whether 
a  given  fragment  of  bone  be  part  of  a  mammal,  a  bird,  a  reptile, 
or  a  fiah.  As  this  test  is  equally  applicable  in  the  case  of  fossil 
>X)ne3,  it  has  an  important  bearing  upon  the  study  of  geology. 
Another  interesting  fact  discovered  by  Mr.  Quekett  is,  that  the 
size  of  the  lacunae  bears  very  little  relation  to  the  size  of  the  animal 

*  The  lacuna  and  canftliculi  c-m  be  filled  with  Caniida  balsam.  It,  is  curioua 
that  in  the  bone.9  of  bodies  embalmed,  those  minute  cavities  are  filled  with  the 
bitumiricjns  matepal. 

c  2 


20 


MICROSCOPIC  STRUCTUKE 


to  whicli  they  belong.  They  are  nearly  as  large  in  the  bones  of 
the  little  lizard  as  they  are  in  those  of  the  enormous  extinct 
lizard,  the  Iguanodon.  But  their  size  does  bear  an  exact  propor- 
tion to  that  of  the  blood  corpuscles  in  the  several  classes  of 
animals.  Therefore,  as  reptiles  have  the  largest  blood  corpuscles, 
so  have  they  the  largest  lacunte. 

Canaliculi  :  Eespecting  the  '  canaliculi '  (Plate  IT.  fig.  5), 

THBiE  Size  and  observe  how  exceedingly  minute  they  are ;  that 
Office.  ^^^^  ^g.  ^^^^  parts  of  the  circum- 

ference of  the  lacunas,  and  communicate  most  freely  with  the 
canaHculi  of  the  adjoining  lacunae.  Their  diameter  ranges  from 
;^4ooo      ™  inck  to  -aTooir  ^^^^  '■>        there  are  some  even 

smaller.  They  are  far  too  small  to  allow  the  entrance  of  blood 
cells.  They  admit  the  passage  of  nothing  but  the  fluid  part  of 
the  blood,  the  '  jjlasma,'  destined  to  nourish  the  bone  and  keep  it 
in  a  state  fit  for  self-repair  when  injm-ed  by  disease  or  violence. 

In  man,  and  almost  all  mammalian  animals, 
bone  grows  by  the  deposit  of  fresh  layers.  In  all 
cases  the  new  layer  is  deposited  on  that  surface  of  the  old  layer 
which  is  next  to  the  blood-vessel.  Therefore,  in  a  fuUy  formed 
Haversian  system,  we  get  the  appearance  of '  concentric '  rings. 
They  vary  in  thickness  from  -30V0      Woo"  m.c\i.  Those 

around  the  Haversian  canals  vary  from  five  to  fifteen  in  number, 
and  are  called  the  '  Haversian  lamellas.'  Those  surrounding  the 
circumference  of  a  long  bone  which  has  reached  its  full  growth  are 
termed  '  circumferential  lamellas.'  (Plate  II.  fig.  4  a.)  The  ill- 
defined  and  broken  layers  apparent  here  and  there  in  the  Haver- 
sian interspaces  are  termed  'interstitial  lamellae'  (Plate  11.  fig.  4  h). 
It  seems  doubtful  how  these  interstitial  lamellaa  were  originally 
formed;  but  the  investigations  of  Messrs.  Tomes  and  De  Morgan* 
led  them  to  believe  that  they  are  the  remnants  of  Haversian 
systems  that  have  been  partially  removed  by  absorption. 
Nails  (Claticum)  In  carefullymade  preparations  of  decalcified  bone, 
OF  Q  aqliabdi.  it  may  be  seen  that  its  constituent  lameUas  are  con- 
nected by  fibres  which  perforate  them  either  at  a  right  or  an  oblique 
angle,  and  thus  '  bolt'  them  together.  These  '  perforating  fibres  '  or 
*  Philosophical  Transactions,  1863. 
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bolts  appear  to  answer  a  mechanical  purpose.  They  are  best  shown 
by  separating  the  lamellae.  Thus  you  see  not  only  some  of  the  bolts 
pulled  out,  but  also  the  holes  through  which  they  passed.  This 
beautiful  fact  in  the  minute  anatomy  of  bone  was  first  described 
by  Domenico  Gragliardi,  a  distinguished  professor  of  medicine  at 
Rome  in  the  seventeenth  century.  It  is  true  that  he  only  ex- 
amined the  dry  bones.  But  he  describes  and  draws  with  such 
truthfulness  their  lamellar  structure  and  their  connecting  little 
'  nails '  (cla\dculi),  and  adds  so  many  original  reflections,  that  liis 
work*  is  quite  worth  the  notice  of  modem  anatomists. 

Osseous  The  earthy  salts  are  deposited  in  the  animal 

Gbastjles.  matrix  in  the  form  of  exceedingly  minute  granules. 

The  Germans  call  them  'bone  crumbs.'  We  cannot  see  them, 
however,  without  a  magnifying  power  of  1,200  diameters  (Plate  II. 
fig.  5).  They  vary  in  size  in  different  specimens  of  bone.  In 
man  their  size  ranges  from  xoVo  t°  t4ooo  inch.    They  can 

be  very  distinctly  seen  in  the  skulls  of  small  birds — the  canary,  for 
instance — and  also  in  the  skull  of  the  bat,  where  they  are  so  much 
larger  than  in  the  human  subject.  After  a  section  of  bone  has 
been  steeped  for  some  time  in  dilute  hydrochloric  acid,  these 
earthy  particles  will  be  dissolved  out  of  the  animal  matrix,  and 
the  little  cavities  in  which  they  are  imbedded  can  then  be  dis- 
tinctly seen. 

Pbesknt  in  interesting  and  valuable  practical  fact, 

Pns  coMi.vo  FROM  that  these  earthy  granules  are  generally  present 
Dead  Bose.  -^^         p^g  -yyjjicij  comes  from  dead  bone.    If  a 

specimen  of  pus  under  such  circumstances  be  examined  with  a 
power  of  500  diameters,  a  number  of  earth  granules  may  be 
detected  among  the  pus  cells,  proving  that  there  is  a  dead  bone 
somewhere.  Mr.  Quekett  noticed  this  fact  many  years  ago.  Mr. 
liransby  Cooper  has  also  ascertained  that  in  pus  coming  from 
diseased  bone  there  is  as  much  as  two  and  a  half  per  cent,  of 
phosphate  of  lime. 

\KTictjr.AftBf.NP.:  V'J  this  we  understand  a  thin  layer  of  bone 
irs  pRct;i,iARiTiK.s.    situated  immediately  imder  articular  cartilage; 


•  '  Anatome  ossiimi  novis  inrcntis  illustrata.'    Itomic,  1G89,  in  8. 
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and  since  there  is  a  peculiarity  about  the  structiue  of  it  we  will 
allude  to  it  here.  If  a  perpendicular  section  be  made  through  the 
articular  surface  of  any  fresh  bone  with  the  cartilage  attached,  it 
will  be  observed  (as  seen  in  lig.  7)  that  the  cartilage  does  not  rest 
immediately  upon  the  cancellous  tissue  of  the  bone,  but  upon  a 
thin  compact  crust  of  bone  which  closes  the  caucelli.  This  crust, 
which  we  call  'articular  bone,'  varies  in  thickness,  and  is  of  a 

remarkably  white  colour.  But 
its  chief  peculiarity  consists  in 
this, — that  it  has  no  Haversian 
canals,  and  therefore  is  not 
vascular.  The  blood-vessels  of 
the  cancellous  tissue  run  up 
only  as  high  as  its  under  sur- 
face, and  then  turn  back  in 
loops.  Moreover,  its  '  lacunte ' 
are  three  or  four  times  larger 
than  in  ordinary  bone,  and  are 
destitute  of  caualiculi.  Here 
is  a  striking  instance  of  design. 
This  layer  of  bone,  having  no 
Haversian  canals,  is  much  less 
porous  than  common  bone,  and  in  consequence  of  its  closer  texture 
is  all  the  stronger,  and  more  adapted  to  form  an  unyielding  surface 
for  the  support  of  the  articular  cartilage. 

Although  articular  bone  and  adult  articular  cartilage  have  no 
blood-vessels  in  health,  yet  they  both  become  vascular  in  some 
cases  of  disease  of  the  cartilage.  Blood-vessels  may  be  seen,  when 
successfiilly  injected,  shooting  up  through  the  heretofore  non- 
vascular layer  of  bone  into  the  cartilage  on  its  surface. 

Structure  of  Cartilage. 

Varieties  of  Cartilage,  commonly  called  gristle,  is  tough, 
Cabtilaqb.  flexible,  very  elastic,  of  a  greyish  white  colour, 

and  used  for  various  purposes  in  the  animal  body.  There  are 
many  kinds  of  it.  The  simplest  kind,  when  examined  with  the 
microscope,  is  found  to  consist  of  a  mass  of  nucleated  cells,  closely 
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Cellular  packed  and  variously  shaped  from  mutual  pressure. 
Cautilagk.  Such  cartilage  as  this  may  be  seen  in  a  tadpole,  or 

in  the  spinal  cord  of  a  lampern,  or  in  the  ear  of  a  bat  or  mouse 
(Plate  II.  fig.  3).  Under  the  microscope,  though  not  to  the  naked 
eye,  it  is  like  some  kinds  of  vegetable  tissue ;  for  instance,  the 
pith  of  the  elder. 

Another  kind  of  cartilage,  and  that  which  chiefly  concerns  us, 
consists  of  nucleated  cells  (cells  with  nuclei  in  their  interior)  of 
various  shapes,  not  packed  closely,  but  imbedded  in  a  matrix  of  a 
homogeneous  substance,  termed  '  intercellular.'  It  is  altogether 
a  much  firmer  kind  of  cai'tilage.    Now  the  nature  of  this  inter- 

Htalixe  cellular  substance  varies.    It  may  be  clear  and 

Cabtoaqe.  transparent  like  glass :  then  we  call  it  '  hyaline 

cartilage' (fig.  2).  Of  this  kind  is  the  foetal  skeleton,  and  the 
white  cartilage  covering  the  articular  ends  of  the  bones.  Or  the 
intercellular  substance  may  contain  fibrous  tissue  :  then  we  call  it 

Fibro-Car-         '  fibro-cartilage '  (fig.  1).     This   kind  of  carti- 
lage  ig  found  in  connection  with  certain  joints. 
In  the  gristle  of  the  nose  and  the  ear  we  have  another  variety, 
containing  elastic  fibres,  and  known  as  '  yellow '  or  '  elastic  car- 
tilage.' 

All  kinds  of  cartilage,  with  the  exception  of 
that  which  covers  the  ends  of  the  bone  (articular 
cartilage),  are  invested  with  a  white  fibrous  membrane,  termed 
'  perichondriiim.'  This,  like  the  periosteum  of  the  bones,  serves 
to  support  the  nutrient  blood-vessels  of  the  cartilage.  When  the 
cartilage  in  thin,  the  vessels  proceed  no  farther  than  the  surface ; 
but  when  it  is  thick  they  are  prolonged  into  its  substance  by  means 
of  canals,  carrying  with  them  a  sheath  of  perichondrium. 

Articular  cartilage  has  no  perichondrium,  neither  has  it  blood- 
vessels, except  in  the  young  condition.  But  when  diseased,  it  has 
Ijeen  proved  by  injection  *  that  blood-vessels  do  shoot  into  the 
cartilage  through  the  layer  of  articular  bone  beneath  it. 

The  parts  of  tlie  embryo  destined  to  become 
SKKr.RTo.v.  Ixjne  may  be  detected  as  early  as  the  seventh 

*  Kee  'Catalogiio  of  the  llifltological  Series'  in  the  Museum  of  the  R.  C.  S.  E., 
vol.  i.  Plate  VIII.  fig.  11. 
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week  after  conception,  as  a  gelatinous  pulp  without  trace  of 
oro-anisation  contained  in  a  delicate  membrane.  Presently  this 
pulp  becomes  converted  into  the  simplest  form  of  cartilage, — 
that  is,  an  aggregation  of  closely-packed  nucleated  cells.  But 
since  a  mere  aggregation  of  soft  cells  would  not  be  a  sufficient 
basis  of  support  to  the  sm-rounding  parts  in  progress  of  develop- 
ment, intercellular  substance  is  added  to  give  it  greater  solidity, 
and  this  'cellular'  cartilage  becomes  'hyaline'  cartilage.  Thus 
the  entire  skeleton  of  the  fcetus,  with  the  exception  of  the  skull- 
cap and  the  bones  of  the  face,  consists  at  first  of  hyaline  cartilage. 

The  deposition  of  bone  does  not  take  place  at  the  same  time  in 
all  parts  of  the  cartilage,  but  at  certain  points,  which  are  called 
Mbaninu  of      '  centres  of  ossification.'  Every  bone  has  a  definite 
Centres  of  Ossi-    number  of  these  centres,  which  always  appear  in 
ncATioN.  ^Yie  same  place ;  and  from  these  centres  the  ossifi- 

cation extends  according  to  a  regular  plan.  The  number  of  centres 
varies  in  different  bones.  Some  bones  have  only  a  single  centre ; 
others  two,  three,  five,  seven,  etc. ;  and  the  bone  called  the 
'  sacrum '  has  as  many  as  thirty-three  centres  before  its  ossification 
is  complete. 

Observe,  the  centres  of  any  given  bone  do  not  all  appear  at 
once ;  some  appear  before  birth,  others  after  it,  but  all  in  regular 
succession,  and  at  stated  periods,  according  to  the  degree  of 
importance  of  the  bone,  and  the  function  which  it  has  to  perform ; 
e.g.  the  lower  jaw  and  the  ribs  ossify  early,  because  suction  and 
respiration  are  brought  into  play  at  birth.  As  a  general  rule,  each 
centre  appears  first  in  the  middle  of  the  cartilage  ;  and  thence  the 
ossification  extends  towards  the  circumference  in  the  flat  bones,  and 
towards  the  extremities  in  the  long  bones.  Almost  all  the  bones, 
then,  in  infancy  and  childhood  are  made  up  of  so  many  distinct 
bony  pieces  united  together  by  cartilage ;  and  these  several  pieces 
remain  distinct  until  the  stature  of  the  individual  is  complete, 
after  which  they  are  all  consolidated. 
-  As  an  example  of  what  can  be  seen  of  the  pro- 

OSSIFICATION  OF  1  r  11 

THE  TiiiciH-TONE  coss  of  ossificatlou  with  the  naked  eye,  let  us  tollow 
SELECTKD  AS  AN  Qut  that  of  thc  thigh-bouc  (Plate  IV.  figs.  1  to  6). 
hxAMPi.E.  ^j^^  future  bone  is  at  first  sketched  out  in  hyaline 
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cartilai^e.  About  the  beginning  of  the  third  month  after  concep- 
tion, the  first  centre  of  ossification  appears  in  tlie  middle  of  the 
shaft — as  is  the  case  in  all  the  long  bones  (fig.  1).  From  this 
point  ossification  gradually  extends  up  and  down  the  shaft,  which 
is  all  ossified  before  the  other  centres  appear.  About  the  last  month 
of  foetal  life,  a  second  centre  appears  in  the  lower  end,  which  forms 
the  knee  (fig.  3).  About  the  end  of  the  first  year  after  birth,  a 
third  centre  appears  at  the  upper  end  or  head  of  the  bone  (fig.  4). 
In  the  com-se  of  the  fourth  year,  a  fom-th  centre  appears  in  the 
projection  termed  the  'trochanter  major'  (fig.  5).  In  the  course 
of  the  fourteenth  or  fifteenth  year  a  fifth  and  last  centre  appears 
in  the  'trochanter  minor'  (fig.  6). 

Meaxtvo  of  Thus,  then,  the  thigh-bone  has  five  centres  of 

'  DiAPHTsis '  AND  osslficatlon.  The  shaft  or  body  of  the  bone,  wMch 
'Epiphysis.'  ossifies  first,  is  caUed  the  'diaphysis;'  the  other 

parts  are  termed  '  epiphyses.'  *  As  these  epiphyses,  during  the 
period  of  growth,  are  only  united  to  the  shaft  by  a  layer  of  carti- 
lage, the  separation  of  an  epiphysis  by  violence  is  not  an  unfrequent 
accident  in  childhood.  When  growth  is  complete,  all  the  epiphyses 
are  consolidated  with  the  rest  of  the  bone,  and  no  cartilage  remains 
except  at  the  articular  sm-faces,  where  there  is  a  thin  layer  of  it  to 
break  the  shocks  at  the  joints. 

It  is  worth  observing,  concerning  the  union 
Obder  i!i  which  . 
theEpiphtses        of  the  articular  epiphyses  at  the  ends  oi  the 

csTTK  TO  THE         loHg    bouos,  that    the    epiphysis  of  that  end 

Shaft.  towards  which    the    canal    for   the  medullary 

artery  runs,  always  unites  to  the  shaft  before  the  epiphysis  at  the 

other  end. 

It  is  a  curious  fact,  also,  that  the  order  in  which  the  epiphyses 
unite  to  the  shaft  of  a  bone  is  just  the  reverse  of  that  in  which 
they  begin  to  ossify.  Thus,  the  epiphysis  of  the  trochanter  minor, 
though  ossifying  last,  unites  first.  The  same  may  be  said  of  the 
trochanter  major,  of  the  head  of  the  femur,  and,  lastly,  of  the 
lower  end.  At  the  age  of  twenty-one,  or  near  it,  they  have  all 
united  t*j  form  a  single  Ijone. 

*  An  '  ppijihys'iH,'  ihoreforo,  is  n  porl  imi  of  lioiio  growing  iijion  iiuollior,  but 
sepnriitfcd  from  it  by  cJirtilagc. 
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Final  Pchposk       "^^^  bones  are  developed  from  several 

OP  Development  ossific  centres,  separated  by  layers  of  cartilage, 
FROM  SEVERAL  has  for  its  final  purpose  the  well-being  of  the 
Centres.  growing  animal.    For  example,  it  is  necessary  to 

have  one  part  of  a  bone  ossified  to  support  weight,  while  other  parts 
remain  cartilage  to  take  ofif  concussion.  'The  young  lamb  or 
foal,'  to  use  the  words  of  Professor  Owen,  '  can  stand  on  its  four 
legs  as  soon  as  it  is  born  ;  it  lifts  its  body  well  above  the  ground, 
and  quickly  begins  to  run  and  bound.  The  shock  to  the  limbs 
themselves  is  broken  and  diminished  at  this  tender  age  by  the 
division  of  the  supporting  long  bones, — by  the  interposition  of  the 
cushions  of  cartilage  between  the  diaphyses  and  the  epiphyses.' 
The  nervous  system  of  slow  and  cold-blooded  animals,  whose  limbs 
sprawl  outwards,  and  whose  bodies  trail  upon  the  ground,  does  not 
demand  such  protection.  Therefore  we  do  not  find  epiphyses,  with 
cushions  of  cartilage,  at  the  ends  of  the  shafts  of  the  long  bones  of 
saurians  and  tortoises.  But  when  the  reptile  moves  by  leaps,  then 
the  principle  of  ossifying  the  long  bones  by  distinct  centres  again 
prevails,  and  the  extremities  of  the  humeri  and  femora  long  remain 
epiphyses  in  frogs. 

We  see,  moreover,  a  definite  purpose  in  separate  centres  of 
ossification  for  the  bones  of  the  head,  not  only  as  facilitating 
growth,  but  also  the  process  of  birth.  The  bones  of  the  skull-cap, 
being  connected  only  by  membrane,  can  overlap  each  other  a  little 
during  parturition. 

What  Bones         Most  of  the  bones  in  the  human  body  pre- 
ARE  DEVELOPED  IN    exlst  iQ  tho  shapc  of  cartilage,  and  form  what  is 
™"   ^'  called  the  '  cartilaginous  skeleton,'  for  the  support 

of  the  embryo.  But  there  ai-e  some  bones  which  do  not  pre-exist 
as  cartilage,  and  are  formed  directly  in  membrane,  namely, 
the  bones  of  the  skull-cap  (the  frontal  bone,  the  parietal,  the 
upper  half  of  the  occipital,  the  squamous  and  tympanic  parts  of 
the  temporal) ;  also,  the  bones  of  the  face ;  and  lastly,  the  inner 
plate  of  the  pterygoid  process  of  the  sphenoid.*    In  short,  none 

*  The  internal  pterygoid  plate  of  the  sphenoid,  .although  in  the  human  subject  it 
unites  about  the  seventh  month  ^vith  the  external,  remains  separate  in  oilier  animals, 
and.  is  called  the  '  pterygoid  bone  '  in  comparative  anatomy. 
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of  the  bones  of  the  skull  pre-exist  as  cartilage,  except  those  which 
form  the  base  of  the  skull.  The  base  is  sketched  out  in  cartilage 
at  a  \  ery  early  period  of  foetal  life,  to  form  a  support  for  the  young 
brain.  The  cap  of  the  skull,  at  the  time  we  are  speaking  of,  is 
simply  membranous. 

Ossification  in  We  will  examine  first  what  can  be  seen  of  the 
Membrane.  formation  of  bone  in  membrane  with  the  naked 

eye,  taking  the  parietal  bone  as  an  example.  In  the  early  embryo, 
the  covering  of  the  brain  is  composed  of  two  closely  united  mem- 
branes— an  outer,  termed  the  '  pericranium  ' ;  and  an  inner,  termed 
the  '  dura  mater ' :  between  these  the  bone  is  laid  down.  About 
the  end  of  the  second  month  after  conception,  a  centre  of  ossifi- 
cation appears  in  the  middle  of  the  space  which  is  to  be  occupied 
by  the  parietal  bone.  From  this  centre  the  deposition  of  bony 
matter  radiates  in  the  form  of  fibres  (Plate  IV.  fig.  7).  Similar 
centres  of  ossification  appear  simultaneously  in  other  parts  of  the 
soft  covering  of  the  brain,  and,  radiating  in  the  same  manner, 
sketch  out  the  rudiments  of  the  several  bones  of  the  skull-cap. 
For  some  time  the  individual  bones  are  connected  simply  by  mem- 
brane ;  and  even  at  birth  they  can  overlap  eacTi  other  a  little,  in 
order  to  facilitate  parturition.  Long  after  birth,  indeed,  there  are 
parts  of  the  skidl-cap  closed  in  by  membrane  only,  as  everyone 
knows  who  has  felt  the  head  of  an  infant  (Plate  XXVII.  fig.  4). 
These  unossified  parts  are  called  the  '  fontanelles,'  from  the  Visible 
pulsations  of  the  brain  beneath  them,  like  the  bubbling  of  a  spring. 
As  the  child  grows,  the  rays  from  the  edges  of  the  bones  meet  and 
dovetail  so  as  to  form  what  are  called  the  '  sutures.'  For  a  long 
jieriod  of  life  the  sutures  may  be  separated  ;  indeed,  a  thin  film  of 
animal  matter  is  left  unossified  between  the  interlocking  teeth  of 
the  bone,  of  which  the  manifest  design  is  to  break  the  shock  of  a 
blow  on  the  cranium.  As  old  age  creeps  on,  even  this  film  of 
animal  matter  ossifies,  and  the  cap  of  the  skull  becomes  a  solid 
dome  of  bone,  witli  all  trace  of  the  sutures  lost. 

MicRoscoFic  Let  us  now  study  what  can  be  seen  with  the 

Ossification  in  nucroscope  ot  the  process  01  ossihcation  in  mem- 
Mkmbranb.  brane,  taking  that  of  tlieparietal  boneas  au  example. 

The  membrane  or  animal  basis  to  be  ossified  is  composed  of 
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BoNE-BuiLDiNu  fibves  Hkc  those  of  common  connective  tissue. 
Matrrials.  The   fibres   interlace   freely    and   the  meshes 

between  them  are  filled  with  blood-vessels  and  closely  packed 
granular  corpuscles  termed  '  osteoblasts.'  These  are  all  the  mate- 
rials required  for  bone  building. 

Changes  IN  THE  The  centre  of  ossification  is  at  the  (future) 
Membhanb.  parietal  eminence.    Just  before  the  appearance 

of  the  bone  salts,  the  membrane  becomes  thicker  and  more 
vascular.  Its  component  fibres  radiate  in  thicker  bundles  from 
the  centre  towards  the  circumference  sketching  in  advance  the  lines 
in  which  the  bone  is  to  be  laid.  Meantime  the  'osteoblasts'  have 
enormously  multiplied. 

Osteoblasts  and  The  'osteoblasts'  (bone  beds  or  germs)  are 
THRiB  Function.  granular  nucleated  corpuscles  about  the  size  of 
the  white  corpuscles  of  the  blood.  They  are  so  named  because 
they  and  their  descendants  are  believed  to  take  most  important 

parts  in  the  actual  formation  of  bone. 
It  is  probable  that  they  ai-e  not  all 
destined  to  a  like  future.  But  one 
of  their  chief  functions  appears  to  be 
to  abstract  from  the  blood  the  bone 
salts,  to  lay  them  in  and  around  the 
fibres  of  the  membrane,  and  to  become 
themselves  ossified,  and  blended  in  the 
fabric  of  the  bone,  like  the  bricks  of  a 
building. 

Growth  OF  THE  From  the  centre  of 
BONE  IN  EXTENT.  ossificatlou  thc  deposit 
of  bone  shoots  out  in  needle-like  rays 
(trabecidte)  towards  the  circumference, 
as  shown  in  the  annexed  wood-cut 
(fig.  8).  Under  a  high  power  the  rays  of 
bone  can  be  seen  covered  with  layers  of 
osteoblasts,  which  successively  ossify,  and 
thus  the  bone  grows  in  extent.  The 
best  place  to  see  the  process  is  at  tlie  points  of  the  rays  where  the 
membrane  is  more  or  less  transparent.    Tlie  dark  rays  may  be 
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diagrammatic  sketch  OF  PART 
OF  AN  OSSIFYING  PAHIETAL 
BONE  OP  A  FOUR  MONTHS* 
FCETUS.  (from  a  PBEPABATION 
IN  THE  MUSEUM  OF  THE  B.  C. 
OF  SURGEONS.) 
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seen  advancing  amongst  the  crowd  of  osteoblasts,  and  sonae  of  the 
osteoblasts  in  progress  of  ossification  upon  the  rays. 

Growth  in  hone  grows  in  thickness,  a  sec- 

TUICatKESS.  tion  should  be  made  across  the  rays  where  they 

are  a  little  thicker.    Such  a  section  (fig.  9)  shows  that  the  rays 

Fig.  9. 


A.  Periosteum. 

B.  Trabeculse  of 

bone. 

c.  Osteoblasts  with 
blood-vessels. 


TEUnCAIi  SECTION  THBOUGH  AN  OSSIFTING  ^  PAHIBTAL  BONE. 

become  connected  by  cross  arches,  and  thus  form  channels  for 
the  blood-vessels  and  bone-building  materials.  These  channels 
are  the  Haversian  canals.  Some  of  them  remain  as  cancel- 
lous tissue ;  others  are  gradually  filled  by  the  ossification  of 
concentric  layers  of  osteoblasts  and  become  Haversian  systems. 
(Plate  IV.  fig.  8.) 

Obigin  of  the       The  interesting  but  difficult  question  as  to  the 
Bone  Cobpuscles.    origin  of  the  bone  corpuscles  and  their  connecting 
processes  has  been  for  many  years  under  discussion.    But  the  now 
generally  accepted  doctrine  is,  that  they  are  developed  from  some 
of  the  osteoblasts.    It  has  been  already  observed  that  the  osteo- 
blasts have  probably  not  all  the  same  future.    It  is  the  destiny  of 
some  to  become  ossified.    It  may  be  the  destiny  of  some  to  become 
marrow  cells :  while  others  are  destined  to  be  developed  into  bone 
corpuscles,  and  perform  their  allotted  functions  shut  up  in  their 
lx)ny  crypts  (lacunae)  and  their  connecting  processes  in  bony  tubes 
(canaliculi).     The  evidence  of  this  development  of  osteoblasts 
into  bone  corpuscles  is  derived  from  the  fact  that  some  of  them 
can  be  seen  in  the  successive  stages  of  their  transformation. 
PBix-Ess  OF  On-       ^6  will  now  endeavour  to  explain  that  the  pro- 
atiojti.vCak-    cess  of  ossification  in  cartilage,  rightly  understood, 
is  essentially  like  ossification  in  membrane.  In 
both  cases  the  materials  for  bone  building  are  similar,  namely, 
connective  tissue,  blood-vessels,  and  the  little  corpuscles  termed 
'  osteoblasts.'    The  old  school  used  to  teach  that  the  cartilage  was 


sine 
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directly  transformed  into  bone  tissue.  But  this  is  not  the  modern 
doctrine.  The  microscope  has  proved  that  the  cartilage  is  only  a 
temporary  structure,  that,  having  answered  a  temporary  purpose,  it 
is  removed,  and  that  true  bone  tissue,  of  which  the  materials  are 
derived  from  the  periosteum,  is  substituted  in  its  place  as  a  new 
product. 

Changes  IN  the  Previous  to  its  removal  the  cartilage  undergoes 
Caiitilage.  remarkable  structural  changes,  of  which  the  object 

seems  to  be  to  prepare  the  way  for  the  coming  bone  and  to  shape 
the  direction  in  which  it  is  to  be  laid.  These  preparatory  changes 
are — the  enlargement  of  the  cartilage  cells,  their  arrangement  in 
coliunns  (especially  at  the  epiphysial  end),  and  the  calcification  of 
the  intervening  matrix. 

^  As  the  term  calcification  mig-ht  be  taken  in  a 

DiFFKEENCB  BE-  _  ° 

TWEEN  Calcifica-  wrong  SBUse,  it  should  be  clearly  understood  that 
HON  AND  Ossipi-  it  is  not  the  same  thing  as  ossification.  Calcifica- 
tion is  the  infiltration  of  an  animal  tissue  with 
earthy  salts.*  Ossifi.cation  means  the  formation  of  true  bone — a 
more  highly  organized  structure.  Calcification,  in  the  process 
before  us,  is  the  forerunner  of  ossification. 

Thus  much  premised,  let  us  examine  the  process  of  ossification 
as  observable  in  the  cartilaginous  shaft  and  at  the  epiphysial  ends 
of  what  is  to  be  a  long  bone. 

Calcification  process  begins  by  the  appearance  of  an 

OF  THE  Cabtilagi-  opaque  spot  in  the  centre  of  the  miniature  shaft. 
Noos  Matbix.  rpjjig  opacity  is  occasioned  by  the  enlargement  of 
the  cartilage  cells,  and  the  calcification  of  the  matrix.  These 
changes  spread  gradually  from  the  centre  up  and  down  the  shaft, 
but  stop  short  of  the  ends,  which  are  continually  growing  in 
advance. 

Inqho-wths  op  At  the  same  time  and  to  the  same  extent  that 
Periosteum.  ^he  preceding  changes  are  taking  place  in  the 

cartilage,  the  deep  layer  of  its  surroimding  perichondrium  (future 
periosteum)  sends  off  vascular  shoots  (periosteal  ingrowths)  of  con- 
nective tissue  charged  with  osteoblasts  which  penetrate  the  calci- 


*  As  in  tho  cnso  of  sbolls,  or  in  the  cranium  of  carlilaginous  fishes. 
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fied  cartilage  and  soon  make  it  hollow  ;  the  enlarged  cartilage  cells 
disappearing  one  after  another,  and  their  places  being  taken  by  the 
'  osteoblastic  tissue  '  from  the  periosteum. 


Fig.  10. 


a  Periosteum. 


Cartilage  cells  in  calcified  matrix. 

Periosteal   ingrowths  invading 
the  cartilage  cells. 


DIAGKAM  OF  PEBIOSTKAT.  INGBOWTHS  FEOM  THE  FIEST  PHALANX  OF  GREAT  TOE  OF 
A  THBEE  months'  FCETUS.     (teANSTEHSB  SECTION.) 

FoEMATioN  OF  -P^H  pcissu  with  this  tunnelling  of  the  calcified 
Crust  of  Bone  cartilage  by  the  ingrowths,  the  deep  layer  of  the 
BOUND  THE  Shaft.  periosteum  is  at  work  laying  down  a  gradually 
thickening  crust  of  true  bone  round  the  shaft  (Diagram,  p.  32). 
This  process  is  not  preceded  by  cartilage,  but  is  direct  membra- 
nous os.sification,  as  in  the  tabular  bones  of  the  skull. 

SusnriNo-up  of  To  form  a  correct  idea  of  these  separate  pro- 
Eesults.  cesses,  the  mind  must  grasp  them  as  going  on 

all  together,  not  one  after  the  other.  Their  general  results  may 
be  summed  up  as  follows  (Diagram,  p.  32 ) : — 1 .  The  cartilage  at  the 
middle  is  hollowed  into  a  cavity  (general  medullary)  and  filled  by 
osteoblastic  or  bone-building  tissue  and  blood-vessels  (e).  2.  The 
shaft  is  surrounded  by  a  circumferential  crust  of  porous  bone  ;  the 
first  rudiment  of  the  true  wall  {d).  3.  The  cartilage  towards  the 
ends  is  tunnelled  (by  periosteal  ingrowths)  into  irregular  tubular 
(medullary)  spaces,  also  filled  with  osteoblastic  tissue  (c).  These 
spaces  freely  communicate  with  the  general  medullary  cavity,  but 
are .  blocked  towards  the  growing  ends  by  a  boundary  line  of 
cartilage  (h).  It  is  in  these  spaces  that  blood-vessels  in  injected 
preparations   can  be  seen  running  up  to  the  cartilage  cells. 
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4.  The  walls  of  these  tubular  spaces  are  formed  by  the  slender  re- 
mains (trabecule)  of  the  calcified  matrix.  These  slender  remains 
answer  a  special  purpose.  They  serve  as  the  scaffolding  upon 
which  the  true  bone  is  laid  and  by  which  its  cancellous  architecture 
is  directed. 


Epiphysis. 

Kows  of  cartilage  cells  in  calcified  matrix. 
Tubular  spaces  fiUed  with  osteoblastic  tissue. 

Circumferential  crust  of  porous  bone. 
General  medullary  cavity. 

Periosteum. 


(The  dark  spots  throughout  the  Diagram  represent 
Osteoblasts,) 


DIAGnAM  or  A  LONQITTTDINAL  SECTION  OF  A  FCETAL  LONO  BONE. 

For  the  more  minute  observation  of  the  process  of  ossification 
in  cartilage,  it  is  best  to  take  the  '  line  of  ossification '  at  the 
epiphysis  of  a  long  bone.  The  enlarged  diagram  (fig.  12)  is  in- 
tended to  illustrate  it. 

Near  the  top  of  the  diagram  the  cartilage  cells  are  seen  en- 
larged and  arranged  in  rows  (6).  The  calcified  matrix,  represented 
by  dots,  lies  not  only  between  the  rows,  but  between  the  cells,  so 
that  it  makes  transverse  as  well  as  vertical  septa  between  them. 
A  little  lower,  we  see  the  tubular  spaces,  filled  with  the  bone- 
buUding  materials,  namely,  osteoblastic  tissue  and  blood-vessels  ( c 


Fio.  II. 
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and  d).  The  blood-vessels  form  loops  along  the  line  of  ossification, 
where  the  osteoblasts,  having  absorbed  the  transverse  septa  of 
calcified  matrix,  are  invading  the  cartilage  cells  which  disappear. 
We  see  how  the  tubular  spaces  are  formed  by  the  vertical 


a.  Epiphysis.    Hyaline  cartilage.  a 


b.  Rows  of  cartilage  cells  in  calci- 
fied matris,  which  is  represented  by 
dots. 

c.  Tubular  spaces  filled  with  os- 
teoblastic tissue,  consisting  of  osteo- 
blasts, blood-vessels,  and  connective 
tissue. 


d.  The  dark  lines  represent  blood- 
vessels running  up  the  tubular  spaces. 


e.  The  osteoblasts,  transformed 
into  bone  on  the  trabeculae  of  calci- 
fied matrix,  are  represented  dark. 
No  bone  corpuscles  aro  shown. 


Fig.  12. 


EPIPHYSIAI,  END  OF   THE   SHAFT   OF  A  I-ONG  BONE. 
(kKI.AROKD  FROM  a.  b.  C.  FIO.   11,  WITH  THE  ADDITION  OF  THE  BI.OOD-VESSELS.) 


remain.s  (trabecula;)  of  the  calcified  matrix  ;  how  these  spaces 
communicate  here  and  there  with  each  other  where  osteoblasts 
have  absorbed  their  walls ;  how  the  remains  (trabeculas)  of  the 
calcified  matrix  form,  as  it  were,  a  scaffold  upon  which  the  osteo- 
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blasts  are  deposited  and  transformed  into  bone  (e).  Tbe  ossified 
osteoblasts  are  represented  dark  at  the  bottom  of  the  diagram. 

The  actual  appearances  of  the  process  of  ossification  at  the 
epiphysis,  as  seen  under  the  microscope,  are  represented  in  Plate 
III.,  figs.  1  and  2.* 

That  bones  grow  in  thickness  by  additions  to 

Intkresting  ex-  °  .J 

PEBiMBNTs  WITH  thclr  surface,  and  not  by  interstitial  deposit,  is 
Maddhe.  proved  from  the  interesting  experiments  made 

with  madder.  It  was  accidentally  discovered  by  Mr.  Belchier, 
that  madder  tinges  the  bones  a  red  colour.  He  gives  the  following 
account  of  the  circumstances  under  which  the  discovery  was  made.f 
He  happened  to  be  dining  with  a  calico-printer  on  a  leg  of  fresh 
pork,  and  was  surprised  to  observe  that  the  bones,  instead  of  being 
white,  as  usual,  were  red.  On  making  enquiry,  he  found  that  the 
pig  had  been  fed  on  the  refuse  of  the  dyeing  vats,  which  contained 
a  large  quantity  of  the  colouring  substance  of  madder.  This  fact 
naturally  attracted  the  attention  of  physiologists.  The  red  tinge 
was  found  to  be  communicated  much  more  quickly  to  the  bones  of 
growing  animals  than  to  those  full  grown.  The  bones  of  a  young 
pigeon  were  tinged  a  rose  colour  in  twenty-four  hours.  In  the 
adult  bird  it  took  fifteen  days  to  do  it.  The  effect  of  madder  upon 
bones  depends  upon  this  : — The  colouring  principle  of  the  madder 
(Rubia  tinotorum)  has  a  strong  affinity  for  phosphate  of  lime.  It 
appears,  however,  that  the  vegetable  dye  does  not  combine  with  the 
phosphate  of  lime  already  formed,  but  only  with  that  which  is 
actually  forming  and  being  deposited  in  the  bones.  Therefore, 
since  the  dye  tinges  only  the  most  recent  deposit  of  bone,  it  is 
possible  to  produce  alternate  rings  of  white  and  red  bone,  by  peri- 
odically administering  and  withholding  the  madder  as  an  article  of 
diet.  These  rings  will  be  observed  not  only  at  the  circumference 
of  the  bone,  but  also  within  the  Haversian  systems-^ 

How  Bones  in-  Bones  increase  in  length,  not  so  much  by 
CEEASB  IN  Length,    interstitial  deposit,  as  by  addition  to  their  ends  ; 

*  For  those  very  accurate  drawings,  taken  from  nature,  we  are  indebted  to  Mr. 
Shuter  and  Mr.  Schofield,  of  St.  Bartholomew's  Hospitiil. 
t  '  Philosophical  Transactions '  for  1736,  vol.  xxxix. 

I  The  preparations  of  bones  colourfid  with  madder  in  the  Hunterian  Museum  are 
Nos.  190  to  201.    The  artificial  perforations  are  Nos.  188,  180,  Physiolog.  Series. 
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that  is,  by  progressive  ossification  of  the  layers  of  cartilage  which 
intervene  between  the  ends  of  the  shaft  and  the  epiphyses.  These 
layei-s  of  cartilage  furnish  the  animal  basis  of  ossification,  by 
constantly  growing  on  the  one  surface  while  they  ossify  on  the 
other.  When  the  cartilage  ceases  to  grow,  ossification  still  goes 
on  till  the  component  parts  of  the  bone  are  all  united  by  bony 
matter  ;  and  thus  the  stature  of  the  individual  is  determined.  If 
from  inflammation  or  other  cause  the  epiphyses  imite  sooner  than 
they  ought  to  do,  then  one  limb  may  be  shorter  than  the  other. 
That  bones  grow  chiefly  by  addition  to  their  ends  was  proved  by 
Hunter.*  He  introduced  shots  at  definite  distances  into  the  shaft 
of  a  gro\ving  bone  of  a  common  fowl,  and  examined  them  a 
fortnight  or  three  weeks  afterwards.  The  distance  between  the 
two  shots  was  found  only  half  as  much  increased  as  the  distance 
between  a  given  shot  and  the  end  of  the  bone. 

Phactical  EE  Siieh  is  an  outline  of  the  structure  and  forma- 

jiABKs  ON  THE  tiou  of  bouc.  It  is  a  subject  interesting  not  only 
VALUE  OF  THE      for  its  owu  Sake,  but  because  it  helps  us  towards 

PEBIOSTBtm.  ,1  1  i- 

tne  explanation  ot  what  we  are  every  day  seeing 
of  the  processes  of  disease,  and  the  repair  of  injuries  in  bone  ;  and 
what  is  more,  it  helps  us  towards  a  rational  treatment  of  them. 
To  give  a  few  examples.  Look  at  the  value  of  the  periosteum. 
Suppose  a  portion  of  periosteum  to  be  detached  by  injury  or  disease 
from  the  surface  of  a  bone,  a  part  of  the  thickness  of  the  subjacent 
bone  will  run  gi-eat  risk  of  dying.  It  will  not  necessarily  die, 
becaase  its  blood-vessels  may  still  be  filled  from  within,  owing  to 
the  free  communication  between  the  blood-vessels  of  the  periosteum 
and  those  of  the  marrow.  In  a  case  of  compound  fracture,  where 
there  are  loose  fragments  of  bone,  we  ought  not  to  remove  any 
that  are  still  connected  to  their  periosteum.  Or,  when  a  portion 
of  the  skull-cap  is  sliced  off  with  the  scalp  by  a  sabre  cut,  and 
adheres  to  it  firmly,  the  scalp  and  the  bone  should  be  re-applied, 
and  the  cure  will  often  be  effected  without  difficulty.  In  the 
Hunterian  Museum  are  ten  skulls  which  have  suffered  from  severe 
sabre  cuts.  The  portions  of  bone  thus  sliced  off  were  once 
detached,  and  afterwards  re-united  a  little  out  of  their  proper 
»  No,  188,  Physiological  Series,  Huritorinn  Museum. 
»  2 
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place,  so  that  the  line  of  separation  can  be  distiactly  seen.  Again, 
there  are  cases  in  which,  either  from  exposure  to  cold  or  from 
direct  injury,  acute  inflammation  of  the  periosteum  of  the  shaft  of 
a  bone  ensues,  efifusion  of  fluid  takes  place  beneath  it,  and  severs 
the  connection  between  it  and  the  bone.  The  death  (necrosis)  of 
the  entire  shaft  may  be  the  consequence.  Then,  what  happens  ? 
As  the  inflammation  subsides,  the  bone-secreting  layer  of  the 
periosteum  sets  about  forming  new  bone  round  that  which  is  dead, 
so  as  by  degrees  to  enclose  it  in  a  bony  case.  The  dead  bone  lies 
loose  in  this  new  case,  having  been  detached  from  the  articular 
ends,  which  (observe)  do  not  die  like  the  shaft ;  and  for  this 
reason, — that  they  are  less  compact,  and  largely  supplied  with 
blood  by  the  articular  arteries.  The  articular  ends  of  the  old  bone 
become  in  time  the  articular  ends  of  the  new.  Thus,  the 
periosteum  has  formed  a  new  shaft  with  a  capacious  cavity  in  its 
interior,  in  which  the  old  bone  is  enclosed,  and  will  remain  so,  and 
be  a  source  of  irritation  for  years,  unless  removed  by  a  surgical 
operation. 

Although  the  periosteum  holds  the  first  rank  of  all  the  struc- 
tures which  minister  to  the  repair  of  bone,  still  we  are  not  to 
suppose  that  it  is  absolutely  essential  to  the  process.  Where 
nature  finds  it  necessary  that  bone  should  exist,  she  can  form  it  out 
of  almost  any  tissue.  For  example  :  In  a  case  of  compound  frac- 
ture of  the  leg,  where  a  portion  of  the  entire  circumference  of  the 
tibia,  including  its  periosteum,  was  taken  away,  the  vacancy  in  the 
bone  was  filled  up  by  new  osseous  substance  secreted  by  the  sur- 
rounding soft  tissues,  and  there  was  no  shortening  of  the  limb.* 
Again,  we  occasionally  see  the  intervening  soft  tissues  forming 
bridges  of  bone,  to  repair  a  fracture  where  the  broken  ends  them- 
selves are  widely  apart. 

In  the  repair  of  fractures,  nature  makes  use  of 

Matebiai,  fob 

THE  Kbpaie  op  material  similar  to  that  out  of  which  bone  was 
FEACTnBKs.  originally  formed.    She  lays  down  the  animal 

matter  first,  which  is  of  a  fibrous  nature,  or  cartilaginous,— or 
perhaps  a  mixture  of  both,  as  the  case  may  be,— and  then  deposits 
in  it  the  earthy  salts.    In  the  case  of  a  simple  fracture,  where  tlie 
»  Stanley,  '  Diseases  of  the  Bones,'  p.  108. 
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broken  ends  are  kept  in  contact  and  perfectly  immovable  by  arti- 
ficial splints,  the  bones  unite  almost  like  an  incised  wound  of  soft 
parts.  After  all  the  effused  blood  is  absorbed  between,  the  broken 
ends,  a  soft  fibrous  substance  (blastema)  full  of  osteoblasts  is 
thrown  out  from  the  ends  of  the  broken  bone,  so  as  to  form  a  thin 
layer  of  animal  matter  (intermediate  callus)  between  them.  This 
gradually  hardens,  and  the  bone  earth  is  then  deposited  in  the 
blastema  and  cells.  Thus  the  ends  are  united.  It  occupies  a 
period  vaiying  from  four  to  ten  weeks,  according  to  the  bone 
broken ;  e.g.  the  clavicle  and  the  ribs  unite  more  quickly  than, 
other  bones,  probably  from  their  great  vascularity..  The  process  is 
simply  an  excess  of  nutrition.  Apparently  more  new  bone  than  is 
wanted  is  formed.  The  excess  fills  up  the  medullary  cavity,  at  the 
seat  of  fracture,  and  rounds  off  corners  and  angles  if  there  be  any. 
But  when  the  'permanent  uniting  medium  is  strong  enough, 
nature  removes  all  that  is  seemingly  superfluous,  and  the  medullary 
canal  is  restored  as  it  was  before,  after  a  period  varying  from  six 
to  twelve  months.  On  the  other  hand,  suppose  the  fracture  cannot 
be  kept  steady — for  instance,  in  the  case  of  animals — then  natm-e 
provides  a  kind  of  temporary  splint,  in  the  shape  of  a  broad  and 
thick  ferule  of  cartilage,  which  ossifies  round  the  ends  of  the 
broken  bone,  in  order  to  keep  them  as  immovable  as  possible, 
while  the  permanent  process  of  repair  is  going  on  between  them. 
This  ferule,  termed  the  provisional  callus,*  is  not  removed  until 
the  fracture  has  been  thoroughly  repaired. 


THE   VERTEBRAL  COLUMN. 
(Plates  V.  and  VI.) 

The  vertebral  column,  or  spine  (Plate  VI.),  consists  of  a  series 
of  bones  articulated  together  so  as  to  describe  three  slight  and 
graceful  curves,  the  bend  being  fonvard  in  the  loins,  backward  in 
the  chest,  and  again  forward  in  the  neck.    These  bones  are  called 

*  '  Callu.s '  is  the  terra  applied  by  the  old  surgoons  to  the  matoriiil  by  which 
fractnree  are  repaired. 
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'  vertebrae,'  because  they  permit  the  bending  and  rotation  of  the 
body  (yerto,  I  turn).  They  are  24  in  number:  of  which  7*  con- 
stitute the  cervical  region,  12  the  dorsal,  and  5  the  lumbar. 
Below  the  lumbar  vertebrae,  the  spine  is  supported  upon  a  bone 
termed  the  '  os  sacrum,'  which  consists  of  five  vertebrae  firmly 
coalesced  into  a  single  bone.  Below  the  sacrum  is  the  little  bone 
termed  the  '  coccyx,'  from  its  resemblance  to  the  beak  of  a  cuckoo 
(kokkv^).  This  also  contains  the  rudiments  of  four,  sometimes 
only  three  vertebrae.  The  vertebral  formula  of  man,  therefore,  is — 
7  cervical,  12  dorsal,  5  lumbar,  5  sacral,  and  4  coccygeal,  or 
caudal :  in  all  33. 
GrENERAi,  De-  All  thc  Vertebrae  are  constructed  upon  one  plan, 


fore,  first  obtain  a  general  knowledge  of  a  vertebra,  and  of  the 
names  given  to  its  several  parts  ;  afterwards  examine  the  cha- 
racteristics of  the  vertebrae  in  each  region. 

Taking  a  lumbar  vertebra  as  a  pattern  (Plate  V.),  we  find  it 
consists  of  a  '  body,'  or  '  centrum,'  which  forms  the  columnar  part, 
and  supports  the  weight  of  the  spine.  The  body  is  convex  in  front, 
but  slightly  concave  behind,  in  order  to  assist  in  the  formation 
of  the  '  vertebral  foramen,'  for  the  transmission  and  protection  of 
the  spinal  cord.  The  upper  and  lower  surfaces  of  the  body  present 
a  disc  of  solid  bone  at  the  circumference,  and  are  slightly  cupped 
in  the  centre  for  the  lodgment  of  the  elastic  '  intervertebral  fibro- 
cartilages,'  which  in  the  recent  subject  intervene,  like  so  many 
'  buffers,'  between  the  vertebrae.  These  discs  or  rings  of  compact 
bone  deserve  notice,  not  only  because  tliey  strengthen  the  spongy 
bodies,  but  because  they  have  separate  centres  of  ossification,  and 
remain  for  some  time  '  epiphyses  '  in  early  life.f  A  section  through 

*  In  all  known  mammalia  there  are  seven  corviciil  vertebrae,  -witli  the  exception 
of  the  three-toed  sloths  (geims  Bradypus)  which  have  nine,  and  the  manatees  and 
Hoffmann's  sloth  {Cholopus  Hoffmanni)  \\\\k\\  have  only  six.  In  5ra%^)H*' however 
the  ninth  (and  sometimes  the  eighth)  bears  a  pair  of  short,  movable  ribs.  In  the 
skeleton  of  the  whale,  which  to  outward  appearance  seems  to  have  no  neck,  there  are 
as  many  cervical  vertebrae  as  in  the  giraffe.  See  Professor  Flower's  '  Introduction  to 
the  Osteology  of  the  Mammalia,'  second  edition. 

f  In  the  whale  tribe  (Cetacea)  the  discs  of  tlie  vertebrae  form  complete  plates  of 
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and  have  certain  common  characters  and  a  general 
resemblance.  These  are  modified  in  each  region  of 
the  spine,  to  suit  its  special  requirements.  There- 
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the  body  of  a  vertebra  shows  it  to  be  composed  of  cancellous  tissue, 
which  makes  it  light  compared  to  its  bulk.  This  tissue  is  tra- 
versed by  large  '  venous  canals,'  of  which  the  orifices  are  observable 
on  the  siurface,  but  chiefly  on  the  back  part  of  the  body,  towards 
which  the  larger  canals  converge  (Plate  V.  fig.  7).  Behind  the 
body  is  the  '  vertebral  foramen.'  Now  this  foramen  is  formed  by 
two  thick  processes  of  bone,  which  proceed,  one  from  each  side  of 
the  posterior  part  of  the  body,  and  gradually  converging,  unite  to 
form  an  arch  (vertebral  or  neural  arch).  The  spring  of  the  arch, 
where  it  joins  the  body,  is  called  the  '  pedicle  ' ;  the  converging 
plates  are  termed  the  '  laminae.'  The  arch  sends  off  seven  pro- 
jections, called  the  'processes.'  Of  these,  three — namely,  the 
'  spinous '  and  the  two  '  transverse  ' — form  levers  for  the  attach- 
ment of  muscles.  The  '  spinous  process  '  arises  from  the  top  of  the 
arch  ;  the  two  '  transverse  processes '  pass  off,  nearly  horizontally, 
one  from  each  side  of  it,  near  the  junction  of  the  '  pedicle '  with 
the  '  lamina.'  The  remaining  four  processes  lock  the  vertebrae 
together,  and  are  termed  '  articular  processes ' — two  superior,  and 
two  inferior  ;  they  are  situated  on  the  point  of  union  of  the 
pedicles  with  the  laminse.  Their  articular  surfaces  are  covered 
with  cartilage  in  the  fresh  state  and  project  beyond  the  bodies,  so 
that  the  joints  correspond  with  the  intervertebral  fibro-cartilages!. 
Lastly,  on  the  pedicles,  we  observe  two  '  notches  '  on  either  side, — 
an  upper  and  a  lower,  the  lower  being  always  the  larger.  When 
the  vertebrae  are  together,  these  notches  make  what  are  called  the 
'intervertebral  foramina,'  for  the  egress  of  the  spinal  nerves. 
(Plate  VII.)  The  '  pedicle,'  or  the  part  of  the  arch  between  the 
notches,  is  the  weakest  part  of  a  vertebra,  and  consequently  it  is 
the  principal  seat  of  torsion  in  curvatures  of  the  spine. 

Such,  then,  are  the  constituent  parts  of  a  vertebra  :  namely,  a 
bo<^ly,  an  arch,  a  vertebral  foramen  :  seven  outstanding  processes, 
of  which  four  are  for  articulation,  and  three  for  the  attachment  of 
muscles;  lastly,  the  notches  for  the  transmission  of  the  spinal 
nerves. 

great  siie,  and,  being  separable  from  fhe  bodies  of  the  vertebriE  in  niiiny  of  these 
animals,  are  very  abtindant  on  the  sea-shore  in  northern  climates.  Mr.  Quekett,  in 
his  'Lectures  on  Histology,'  mentions  that  when  il.M.S.  Heck  was  wrecked,  the  crew 
used  these  discs  as  plates. 
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We  must  next  examine  the  peculiarities  of  the  different  verte- 
brse  ;  selecting  in  each  case  a  well-marked  example.  At  the  same 
time  it  should  be  especially  observed  that  there  is  no  sudden  tran- 
sition ;  the  peculiarities  of  one  region  gradually  merging  into 
those  of  the  next. 

^  The  general  characters  of  the  five  lumbar  ver- 

EACTBRs  OF  THE  tebrsB  are  as  follows : — The  '  bodies '  are  large  and 
LuMBAB  Vekte-     oval,  with  their  broad  diameters  transverse,  for  the 

better  support  of  the  trunk.  The  vertical  measitre- 
ment  of  the  bodies  is  greater  in  front  than  behind,  in  adaptation 
to  the  lumbar  cui-ve.  Their  sides  are  slightly  excavated,  for 
economy  of  weight  and  bulk.  Their  '  spinous  processes '  are  broad, 
in  theii'  vertical  measm-ement,  to  give  good  leverage  to  the  extensor 
muscles  of  the  spine :  they  stand  out  horizontally,  so  as  not  to 
interfere  with  the  extension  of  the  back,  and  their  lower  borders 
are  the  thickest.  Their  '  transverse  processes '  are  thin  and  long, 
and  appear  like  stunted  ribs,  but  are  not  ribs.  Their  '  articular 
processes  '  are  vertical,  and  very  strong :  the  upper,  slightly  con- 
cave, look  towards  each  other ;  the  lower,  slightly  convex,  are 
nearer  together,  so  as  to  fit  in  between  the  upper  ones  of  the  suc- 
ceeding vertebra.  Thus,  these  articulations  are  shaped  so  as  to 
admit  not  only  of  extension  and  flexion  of  the  loins,  but  also  of  a 
certain  amount  of  rotation,  which  is  useful  in  progression.  The 
'  vertebral  foramen  '  is  triangular,  with  the  angles  rounded. 

The  following  are  the  general  characters  of  the 
bacteeT'of  tub  twelve  dorsal  vertebrae  :— Their  '  bodies '  are  heart- 
DoHSAi.  VnETK-      shaped,  and  smaller  than  those  of  the  lumbar,  since 

they  have  less  weight  to  bear.  Their  vertical 
depth  is  less  in  front  than  behind,  especially  near  the  middle  of 
the  back,  in  adaptation  to  the  dorsal  curve.  They  have  two  little 
cup-like  facets  on  each  side  for  the  articulation  of  the  heads  of  the 
ribs,  the  lower  cups  being  the  larger.  By  referring  to  the  spine 
(Plate  VI.),  we  observe  that  the  socket  for  the  head  of  the  rib  is 
formed  by  the  articular  facets  of  two  vertebra3  with  the  interve- 
ning fibro-cartilage.  Their  '  spinous  processes '  are  long,  clubbed 
at  the  end  and  slant  downwards,  so  that  they  overlap  each  other, 
especially  near  the  middle  of  the  back,  and  prevent  extension  of 
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the  spine  in  this  region.  Their  'transverse  processes '  are  thick 
and  strong,  and  have  each  in  front,  near  their  ends,  an  articidar 
siu-face  for  the  tubercles  of  the  ribs,  which  they  support  like  so 
many  buttresses.  Observe  that  the  transverse  processes  of  the 
seven  upper  dorsal  vertebrae  are  very  thick  and  strong,  to  support 
the  seven  true  ribs,  whilst  the  five  lower  gradually  diminish  in  size ; 
those  of  the  eleventh  and  twelfth  are  the  smallest  of  all,  since  they 
do  not  support  ribs ;  these  lower  ones  present  three  tubercles,  of 
which  more  will  be  said  hereafter.  The  '  laminas '  are  broad  and 
flat,  and  slope  one  over  the  other.  Of  the  '  articular  processes  '  the 
upper  look  backward,  the  lower  forward,  and  the  planes  of  both 
are  so  nearly  vertical  that  it  is  manifest  there  can  be  but  little 
movement'  between  any  two  dorsal  vertebrae.  The  '  vertebral 
foramen  '  is  nearly  round. 

There  are  seven  cervical  vertebrae.     The  first 

Gen'eral  Cha- 

HACTEBs  OF  THE  sccoud  arc  highly  modified,  and  will  be  de- 

Ceevicai-  Ver-  scribed  specially.  The  characters  of  the  five  lower 
TEBB^.  ^^.^      follows  : — Their  '  bodies  '  are  broader  from 

side  to  side  than  from  before  backwards,  and  lateral  ridges, 
one  on  each  side,  project  from  their  upper  boi'ders,  so  as  to  fit  into 
corresponding  depressions  on  the  sides  of  the  vertebra  above. 
Moreover,  their  '  bodies  '  slope  forward,  so  that  the  upper  overlap 
the  lower  a  little.  By  all  this  interlocking,  lateral  displacement 
is  prevented ;  this  mechanism  compensating  for  the  rather  insecm-e 
connections  of  the  articular  processes.  Their  '  spinous  processes ' 
are  horizontal,  and  some  are  bifurcated  *  at  the  summit  for  muscular 
insertion.  Those  of  the  sixth  and  seventh  cervical  vertebrae  are  not 
bifurcated, — they,  especially  the  seventh,  project  beyond  the  others : 
hence  the  seventh  vertebra  is  called  the  '  vertebra  prominens.'  The 
reason  of  its  greater  projection  is,  to  give  additional  leverage  to 
the  elastic  ligament  (lir/araentum  nuchce),  and  the  muscles  which 
maintain  the  head  erect.  But  the  spinous  processes  of  the  third 
fourth,  and  fiffh  are  especially  short,  to  permit  the  free  extension  of 
the  neck,  and  very  distinctly  bifurcated  ;  they  overlap  each  other 

*  This  bifurcation  of  the  spines  of  the  cervical  vertebra;  is  almost  peculiar  to  the 
hnman  skeleton,  the  object  being  to  afTord  more  room  for  the  insertion  of  the  powerful 
muscks  which  maintain  the  neck,  and  therefore  the  head,  erect. 
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a  little,  as  anyone  may  see  in  the  dry  Lones  by  moving  them  back- 
wards over  each  other.  Their  'transverse  processes'  are  very 
remarkable.  There  is  a  large  '  foramen  '  through  their  base,  for 
the  passage  of  the  vertebral  artery :  there  is  a  groove  on  their 
upper  surface  for  the  lodgment  of  the  spinal  nerves ;  and  this 
groove  bifurcates  their  summit,  so  that  it  presents  two  '  tubercles,' 
an  anterior  and  a  posterior,  both  for  the  attachment  of  muscles.* 
Strictly  speaking,  we  ought  to  say  that  the  transverse  process  of  a 
cervical  vertebra  arises  by  two  roots  or  bars,  an  anterior  and  a 
posterior,  which  subsequently  join,  so  as  to  form  a  foramen  for  the 
vertebral  artery  vein  and  plexus  of  nerves  :  the  anterior  root  springs 
from  the  side  of  the  body :  the  posterior  springs  from  the  arch. 
Their  '  articular  processes  '  are  flat,  oblique,  and  inclined,  so  that 
their  planes  make  an  angle  of  about  45°  with  the  horizon.  The 
upper  processes  look  backward  and  upward,  the  lower  forward  and 
downward.  Their  obliquity  permits  the  requisite  flexion  and  ex- 
tension of  the  neck,  as  well  as  slight  lateral  inclination  of  it.  A 
dislocation  of  one  of  these  vertebrte  may  happen  without  fracture  of 
the  articular  processes.  Such  a  dislocation  is  exceedingly  rare ; 
but  there  are  specimens  f  of  it  in  the  Museum  of  St.  Bartholomew's 
Hospital.  It  may  be  produced  by  sudden  and  forcible  rotation  of 
the  neck.  Baron  Boyer  %  speaks  of  an  advocate  who  dislocated 
one  of  his  cervical  vertebrae  by  suddenly  turning  his  head  round  to 
see  who  was  coming  in  at  a  door  behind  him. 

The  first  and  second  cervical  vertebrae  undergo 
TH? FibTt'^and  more  remarkable  modifications  than  any  of  the 
Second  Cbbtical    rest,  in  order  to  permit  the  nodding  and  the  rota- 

VEETBBBiE.  ^-^j^         ^J^g  J^g^^^ 

The  first  cervical  vertebra  (Plate  V.)  is  called 

FlEST  CBEVICAI,  1        1        J  rri  • 

Vebtebea  OK  the  'atlas,'  because  it  supports  the  head.  Ibis 
Atlas.  vertebra  is  like  a  ring,  wider  behind  than  in  front, 

and  thickened  on  each  side  so  as  to  form  'lateral  masses  '  for  the 
articular  surfaces.  It  has  no  body,  like  the  others,  but  only  a  little 
'  tubercle  '  in  front,  into  which  is  inserted  a  portion  of  the  '  longus 

»  Observe  especially  the  large  size  of  the  anterior  tubercle  of  the  sixth  cervical 
vertebra.    It  is  called  the  carotid  tubercle,  being  a  guide  to  the  carotid  artery, 
t  Ser.  iv.  No.  8,  12,  13.  t  '  Traite  des  Malud.  Chir.'  t.  iv.  c.  iv. 
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colli.'  The  reason  generally  assigned  for  this  absence  is,  that  the 
body  has  been  removed  to  make  way  for  the  '  odontoid  process '  of 
the  second  vertebra.  But  the  explanation  now  generally  received 
among  anatomists  is,  that  this  same  '  odontoid  process '  is  the  body 
of  the  atlas,  and  is  thus  transferred  and  fixed  to  the  second  vertebra 
in  order  to  form  a  pivot  for  the  atlas  to  rotate  upon.  It  seems,  at 
first  sight,  rather  far-fetched  to  say  that  the  atlas  rotates  round  its 
own  body  (detached)  ;  but  it  is  nevertheless  true,  and  borne  out  by 
the  facts  of  philosophical  anatomy.  * 

Now  the  entire  form  of  the  atlas  is  modified  so  as  to  be  adapted 
to  the  rotatory  movement  of  the  head.  In  the  first  place,  there  is 
a  little  articular  surface  for  the  odontoid  process  on  the  anterior 
part  of  the  ring  of  the  atlas.  The  '  spinous  process '  is  reduced 
to  a  mere  tubercle  (the  posterior  tubercle) ;  for  a  large  spine  here 
would  interfere  with  the  free  backward  movement  of  the  head. 
The  'rectus  capitis  posticus  minor'  is  attached  to  this  tubercle.  The 
'  transverse  processes '  are  thick  and  strong,  not  bifid,  and  project 
far  beyond  those  of  the  other  cervical  vertebrae,  in  order  to  give 
greater  leverage  to  the  inferior  oblique  muscles  which  assist  in 
rotating  the  head  from  side  to  side.  Its  '  inferior  articular  '  pro- 
cesses are  flat,  they  look  downwards  and  slightly  inwards,  so  as  to 
sUde,  in  the  movement  of  rotation,  on  the  upper  articular  processes 
of  the  second  vertebra.  The  '  superior  articular  '  processes  are  oval, 
converging  in  front,  concave  from  before  backwards,  and  higher  on 
their  external  brims,  so  as  to  form  two  little  cups,  looking  upwards 
and  inwards,  for  the  support  of  the  '  condyles '  of  the  occipital  bone. 
They  not  only  sustain  the  whole  weight  of  the  head,  but  are  shaped 
to  permit  its  '  nodding  '  movement.  Within  the  articular  processes 
we  observe  two  tubercles,  one  on  either  side,  which  gave  attachment 
to  the  strong  '  transverse '  ligament,  which  confines  the  odontoid 
process  in  its  position.  The  '  arch  '  formed  by  the  lamina  is  wider 
than  in  other  vertebra3,  to  make  ample  space  for  the  spinal  cord.f 
On  the  upper  surface  of  each  lamina  is  a  groove  (sometimes  a  more 

♦  More  will  be  said  on  thin  subject  whon  we  speak  of  the  ossification  of  the  verlebrre. 

t  Hence  the  p'issibility  of  lateral  fliHplaccmcnt  of  the  atlas  without  compression  of 
the  spinal  cord.    See  a  case  of  tliis  kind,  with  a  drawing,  in  '  Med.-Chir.  Trans.'  vol 
xxxi.,  by  Sir  James  Pager  . 
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or  less  complete  bony  canal)  for  the  vertebral  artery  and  subocci- 
pital nerve ;  this  corresponds  to  the  superior  notch  in  the  other 
vertebrce.  Lastly,  the  '  notches  '  for  the  nerves  are  placed  behind 
the  articular  processes,  while  in  all  the  other  vertebrae  (except  the 
upper  notch  in  the  axis)  they  are  in  front  of  them  ;  and  the  reason 
of  this  is  that  the  articular  processes  of  the  atlas  must  necessarily 
be  advanced  well  forward  in  order  to  meet  the  condyles  of  the 
occipital  bone,  and  to  support  as  well  as  transmit  the  weight  of  the 
head  in  the  line  of  the  bodies  of  the  succeeding  vertebrae. 

Second  Ceevi-  The  second  cervical  vertebra  or  '  vertebra  den- 
cAL  Vebtebba  OB  tata'  (Plate  V.)  is  called  the  '  axis '  because  it  forms 
the  pivot  upon  which  the  atlas  (with  the  head) 
turns.  The  pivot,  termed  the  'odontoid  process'  from  its  resemblance 
to  a  tooth,  rises  vertically  from  the  '  body '  of  the  axis,  and  fits  into 
a  kind  of  socket  or  ring  formed  in  part  by  the  atlas,  and  completed 
in  the  recent  state  by  the  strong  '  transverse '  ligament  which 
passes  between  the  lateral  masses  of  the  atlas,  and  divides  the  ver- 
tebral foramen  of  that  bone  into  two  parts,  an  anterior  for  the 
reception  of  the  odontoid  process,  and  a  posterior  for  the  passage  of 
the  spinal  cord.  It  is  a  mechanism,  as  Paley  *  observes,  resembling 
a  tenon  and  mortise.  The  odontoid  process  has  a  smooth  surface 
in  front,  to  articulate  with  the  atlas ;  another  behind,  for  the  play 
of  the  ligament.  There  is  a  distinct  synovial  membrane  and  a 
layer  of  cartilage  on  both  smiaces,  so  that  they  possess  all  the 
apparatus  of  a  joint.  Moreover,  it  is  slightly  constricted  at  its 
lower  part  (forming  what  is  called  '  the  neck  '),  that  the  '  trans- 
verse '  ligament  may  clasp  it  more  secm'ely.  Lastly,  its  summit 
or  '  head '  is  rough,  and  sloped  laterally  for  the  attachment  of  the 
'  check '  or  '  odontoid  '  ligaments,  which  fasten  it  to  the  occipital 
bone.t  Considering  the  importance  of  the  odontoid  process,  we- 
are  not  surprised  that  its  interior  structure  is  much  more  compact 
than  that  of  the  body  of  the  axis.    The  upper  '  articular  processes ' 

»  'Natural  Theology.'  , 
t  NotwithstaBding  the  strength  of  its  ligaments,  the  odontoid  process  does  some- 
times slip  out  of  its  ring.  The  folloTving  is  an  instance  :-A  lady  was  carrymg  her 
child  on  her  shoulders.  Losing  its  halance,  the  child  clung  to  its  mother  s  head  and 
drew  it  suddenly  and  forcibly  backwards.  The  lady  fell  dead.  It  is  more  liable  to 
dislocation  in  children,  because  the  ligaments  are  weaker  than  in  the  adult  ir-etit 
relates  the  case  of  a  child  who  was  instantaneously  killed  by  being  lifted  by  the  head. 
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are  placed,  partly  on  the  body  and  partly  on  the  root  of  each 
transverse  process ;  they  are  nearly  flat,  and  slope  a  little  downward 
and  outward.  Like  those  of  the  first  vertebra,  they  have  a  very 
strong  base,  because  they  have  to  transmit  to  the  '  body '  the 
weisrht  of  the  head.  The  '  notch  '  is  behind  them.  The  lower 
'  articular  processes '  are  oblique,  and  placed  considerably  behind 
the  upper,  so  as  to  correspond  with  the  line  of  the  articular  pro- 
cesses of  the  succeeding  vertebrae  which  they  resemble.  The 
intervertebral  '  notch '  is  in  front  of  them,  as  in  all  the  vertebrae 
below.  The  '  transverse  processes '  are  comparatively  small,  and 
not  grooved  or  bifurcated;  but  the  hole  at  their  base  is  inclined 
obliquely  outwards,  to  suit  the  curve  of  the  vertebral  artery.  The 
'  laminae  '  of  the  arch  are  remarkably  strong.  The  '  spinous  pro- 
cess '  stands  well  out,  and  bifurcates  widely  in  order  to  give  greater 
leverage  to  the  inferior  oblique  muscles  which  rotate  the  head. 
The  great  size  and  projection  of  this  spinous  process  is  one  of  the 
distinguishing  characters  of  the  axis ;  and  with  this  we  should 
associate  the  large  size  of  the  transverse  processes  of  the  atlas,  these 
being  the  respective  attachments  of  the  inferior  oblique  muscles. 

Chahactebs  of  -^^^^  seventh  cervical  is  called  the  '  vertebra 
THE  Seventh  Gee-  prominens,'  on  account  of  its  long  spine,  which  is 
TicM.  Vertebra.  (^^^  ^.^^^  slightly)  bifurcated,  and  resembles 

that  of  a  dorsal  vertebra.  This  is  for  the  attachment  of  the 
elastic  ligament  {ligamentum  nuchce)  which  assists  in  keeping 
the  head  erect.  Its  '  transverse  process '  is  long  and  broad,  sug- 
gestive of  a  rudimentary  rib.*  It  is  not  grooved  and  bifurcated 
like  the  rest,  or,  if  this  character  be  present,  it  is  only  slightly 
marked.  The  foramen  at  the  base  is  very  rarely  absent,  though  it 
is  never  traversed  by  the  vertebral  artery. 

CnARACTKKs  OF  Thc  «  body '  of  the  first  borsal  vertebra  has  an 
thk  F1R.ST,  Ni.vth,  entire  articular  surface  for  the  head  of  the  first 
Axi,  Twelfth   '  ^  smaller  one  for  half  of  that  of  the  second 

DoR-sAL  Vkr-  rib.  Again,  the  upper  surface  of  its  body  has 
lateral  ridges  like  the  cervical  vertebrte.  The 

*  The  seventh  cervical  vfcrt,obra  in  Homo  rare  instimcos  has  two  little  (cervical)  riba 
attached  to  it,  one  on  either  side,  in  form  and  situation  resembling  the  cervical  ribs  of 
animals.    A  cervical  rib  may  be  mistaken  for  a  bony  tumour  if  the  surgeon  does  not 
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NINTH  DORSAL  lias  usually  only  the  upper  half  facet  on  the  body. 
The  TENTH  DORSAL  bas  generally  an  entire  facet  for  the  tenth  rib, 
the  lower  half  facet  of  the  ninth  being  absent.  The  eleventh 
and  TWELFTH  DORSAL  have  only  single  articular  facets  for  the  last 
two  ribs.  Their  '  transverse  processes  '  are  much  reduced  in  size, 
and  do  not  articulate  with  ribs.  Moreover,  they  are  smaller  than 
in  the  upper  dorsal  region,  and  they  resolve  themselves  into  three 
tubercles  (seen  in  the  cut,  fig.  13).    The  twelfth  dorsal  may  be 

Fig.  13. 


d.  Superior  articular  process,  d 
a.  Superior  tubercle.  a 


b.  External  tubercle  (rudimen-  b 

tary  trans.  P.). 

c.  Inferior  tubercle.  c 


e.  Inferior  articular  process.  e 


TWELFTH  D'OESAL  VERTEBRA,  SHOWINa  THE  THBEB  TUBERCLES  ON  THE 
TRANSVERSE  PROCESSES, 

told  from  the  eleventh  by  the  fact,  that  its  lower  articular  pro- 
cesses look  outward,  like  the  corresponding  processes  in  the  lumbar 
vertebrse.  Its  spinous  process  is  short  and  square,  and  more  like 
those  of  the  lumbar  vertebrEe.  The  tubercles  of  its  transverse 
process  are  always  well  mar  ked.    (Plate  LIIL  fig.  2.) 

The  last  lumbar  vertebra  is  distinguished  by 

UHABACTERS  of  r  r     -i.       ■U   a  • 

THE  LAST  LmiBAR  thc  slopB  ou  tlic  lowcr  surface  ot  its  body,  m 
Vertebra.  .  adaptation  to  the  slope  of  the  sacrum  ;— by  the 
great  thickness  of  the  root  of  its  transverse  process  which  springs 

bear  in  mind  that  such  an  anomaly  may  exist  in  the  skoloton.  It  is  sometimes  united 
with  the  first  rib. 
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more  from  the  body,  this  additional  massiveness  being  for  the 
attachment  of  the  ilio-himbar  ligament ; — by  its  lower  articulating 
processes  being  placed  so  widely  apart,  and  by  its  spinous  pro- 
cess being  somewhat  reduced  in  size,  so  as  not  to  impede  free 
extension  in  this  part  of  the  back. 

TcBBKCLKs  ox  down  the  back  of  a  well- 

THK  Lower  Doh-    marked  spinal  column,  you  will  find  that  the 

SAL  Ain>  LuMBAK  trausverse  processes  of  the  lower  dorsal  vertebrae 
Vebtebb^. 

have  a  tendency  to  become  more  and  more  tuber- 
culated  at  their  extremities.  This  can  generally  be  perceived  in 
the  eighth  or  ninth.  In  the  twelfth  (and  often  in  the  eleventh) 
the  transverse  process  has  resolved  itself  into  three  '  tubercles  ' 
(see  wood-cut).  The  'superior  tubercle'  is  close  behind  the  supe- 
rior articular  process.  The  '  inferior  tubercle  'is  in  a  straight 
Kne  immediately  below  the  superior ;  the  '  external '  projects  in 
front  of  the  other  two  tubercles.  It  will  be  seen  to  be  in  a  line 
with  that  part  of  the  transverse  processes  of  the  upper  dorsal 
vertebrae  which  bears  the  ribs.  Now,  look  down  lower,  and  you 
will  find  that  the  '  superior '  tubercles  are  very  well  developed  in 
the  lumbar  vertebrae,  projecting  along  the  whole  outer  border  of 
the  superior  articular  processes;  the  'inferior'  tubercles,  well 
marked  in  the  two  upper  lumbar  vertebrae,  gradually  disappear  (as 
a  rule)  in  the  three  lower.  Looking  upwards  again,  you  can  see 
that  the  '  external '  tubercle  of  the  lower  dorsal  vertebrse  is  con- 
tinued lower  down  as  the  thin  transverse  process  of  the  lum- 
bar region.  Hence  the  transverse  process  of  a  human  lumbar 
vertebra  is  homologous  to  that  part  of  the  transverse  process  of  a 
typical  dorsal  vertebra  which  articulates  with  the  tubercle  of  a  rib. 
The  tubercles  are  shown  in  Plate  LIII.  fig.  2. 

In  the  human  subject  these  'tubercles'*  serve  only  for  the 
attachment  of  muscles ;  but  in  some  animals,  as  Professor  Owen 
has  pointed  out,  they  attain  extraordinary  size  for  particular  pur- 
poses.   For  instance  :  in  the  armadillo,  the  superior  tubercle  is  as 

•  The  infprior  ttibereleH  nro  iilliidtd  to  by  Monro,  'Anatomy  of  tho  Human  Bones' 
1726 ;  al.w  by  .Soemmoring,  '  Do  Corp.  Human.  I'abriai,'  8vo.  1794.  Tho  superior  as 
well  as  the  inferior  tubercles  are  dovolopod  as  little  epiphyses  with  distinct  centres  of 
o<J3iflcation,  and  unite  to  the  rest  of  tho  rortebrce  about  tiie  twonty-fifth  year. 
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long  as  the  spinous  process  itself,  to  help  to  suj)port  the  armour. 
In  the  Quadrumana  (monkey  trihe),  tlie  inferior  tubercles  gain  a 
development  in  the  dorsal  and  lumbar  regions  more  conspicuous 
than  the  articular  processes  themselves,  and  contribute  to  the 
security  of  the  spine.* 

Table  conteasting  the  important  paets  of  the  Vertebe^e  in 

THE  DIFFEEENT  REGIONS. 

We  have  shown  how  the  vertebrae  of  the  different  regions  of 
the  spinal  column  may  be  distinguished,  within  certain  limits,  by 
the  examination  of  any  one  of  their  constituent  parts.  These 
important  parts  are  contrasted  in  the  annexed  table. ' 

Cervical. — Always  broadest  transversely.    Lateral  ridges  on  upper 
surface. 

Dorsal. — ^Transverse  and  antero-posterior  measurements  nearly  equal, 
except  in  two  or  three  uppermost.    Facets  or  parts  of 
facets  on  sides  for  heads  of  ribs. 
Lumbar. — Always  broadest  transversely,  somewhat  kidney-shaped, 
no  ridges,  no  facets. 

Cervical. — Long,  thin  and  flattened. 
Dorsal.— Shovt,  very  broad  vertically. 
,  Lumbar. — Very  short  and  stout. 
Cervical. — Bifurcated,  grooved  underneath. 
Dorsal. — Long,  very  oblique,  tubercle  at  summit. 
Lumbar. — Broad  and  square. 

'  Cervical.— B'dvaaaXeA.,  grooved  on  upper  surface.    Foramina  for 
vertebral  artery. 

iJowoZ.— Large  and  strong;  facets  for  tubercles  of  ribs,  except 

eleventh  and  twellth. 
Lumbar.— TMm,  long  and  narrow. 
I  Cen'icK?.— Surfaces  plane,  inclined  at  angle  of  45°,  look  backward 
and  upward. 

DowaZ.— Surfaces  plane,  almost  vertical,  look  backward  and  out- 
ward. 

V  iimJar.— Surfaces  eoncave,  vertical,  look  backward  and  inward. 


Bodies  oe 
Centba. 


Lamik^. 


Spines. 


Thansyebse 
Peocesses. 


supeeiob 
Abticular 
Peocesses. 


Veetebeal  Co-  The  spine  is  a  most  wonderful  piece  of  mechau- 
LUMN  AS  A  WHOLE,  jgm^  aud  has  excited  the  admiration  of  anatomists 
in  all  ages,  from  the  various  and  apparently  incompatible  offices 

»  Of  course,  in  the  quadrupeds  we  have  mentioned,  our  '  superior'  and  '  inferior  ' 
tubercles  are  '  anterior '  and  '  posterior.' 
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which  it  serves.  It  forms  a  column,  at  once  strong  and  firm,  to 
support  the  erect  position  of  the  body;  flexible,  to  admit  the 
bending  of  the  trunk  in  various  degrees ;  and  elastic,  to  prevent 
concussion  of  the  head.  It  forms  a  continuous  canal  at  the  back  of 
the  column  for  the  protection  of  the  spinal  cord,  a  basis  for  the 
origin  of  the  muscles  which  spread  over  the  trunk,  and  a  lever  for 
the  muscles  which  keep  the  body  erect.  All  these  offices  are  per- 
formed by  it  with  so  much  safety,  that  even  the  feats  of  a  mounte- 
bank rarely  injure  the  spine. 

Steesgth  of  The  main  strength  of  the  spine  depends  upon 

THE  SPEfE.  -tj^iig^ — t]3at  it  consists  of  a  chain  of  bones  so  locked 

together,  that  the  degree  of  motion  between  any  two  is  limited, 
though  that  difiused  through  the  whole  is  extensive.  Another 
reason  of  the  strength  of  the  spine  is  its  arrangement  in  alternate 
curves.  Mathematicians  have  calculated  that  it  is  many  times 
stronger,  and  more  adapted  to  resist  vertical  pressure,  than  if  it 
were  straight,  the  force  being  decomposed  by  the  curves.*  Look 
at  the  enormous  weight  which  a  man  can  carry  with  ease  and 
safety  on  his  head.  Moreover,  the  curves  convert  the  spine  into 
so  many  elastic  springs,  to  prevent  the  jarring  of  the  brain. 
Besides  this,  the  curves  are  admirably  disposed  for  the  lodgment 
of  the  internal  organs,  and  the  transmission  of  the  weight  of  the 
head  and  trunk  in  the  line  of  gravity.  They  are  so  regular  and 
gentle  withal,  that  the  spinal  cord  runs  no  risk  of  compression ; 
and  lastly,  they  give  the  body  that  gTaceful  form  which  has  been 
the  '  line  of  beauty '  in  every  age. 

The  weakest  part  of  the  spine  is  about  the  last  dorsal  vertebra: 
firstly,  because  it  is  the  narrowest  part  of  the  column  ;  secondly, 
because  it  is  not  supported  by  the  ribs  like  the  higher  dorsal 
vertebra ;  thirdly,  because  it  is  the  centre  of  the  spine  and  the 
centre  of  motion  in  the  back,  and  therefore  exposed  to  the  power- 
ful leverage  of  the  spine  above  and  below  it.  Again,  at  the  arti- 
culation between  the  last  dorsal  and  first  lumbar  vertebra,  the 
pliable  lumbar  part  of  the  spine  suddenly  joins  the  comparatively 
ngid  dorsal  region. 
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Ctotes  of  the  The  curves  of  the  spine  are  produced  partly  by 
Spine.  the  relative  thickness  of  the  bodies  of  the  ver- 

tebras in  the  different  regions,  but  chiefly  by  the  relative  thickness 
of  the  intervertebral  fibro-cartilages  and  the  tension  and  elasticity 
of  the  '  ligamenta  subflava '  which  connect  the  laminse. 

From  common  observation,  as  well  as  from 
Extent  of  Mo-  in-  -i      l  ■ 

TION  IN  DIFFERENT    experlmcuts,  it  appears  that  flexion  and  extension, 

Regions  OF  Spine.  a,s  well  as  lateral  movement  of  the  spine,  are 
fi-eest  in  the  neck,  less  free  in  the  loins,  and  least  free  in  the  back. 
Now  the  vertebrae  are  adapted  accoidingly.  Thus,  in  the  nech  the 
articular  processes  are  oblique,  the  spinous  processes  of  the  third, 
fourth,  and  fifth  vertebree  are  stunted  and  horizontal,  and  the 
intervertebral  substances  thick.  In  the  bach  these  substances  are 
thin,  the  articular  processes  nearly  perpendicular,  and  the  spinous 
processes  are  long  and  overlap  each  other,  particularly  about  the 
middle  of  the  back  from  the  fourth  to  the  eighth  dorsal  vertebra ; 
so  that  there  cannot  be  much  movement  between  the  bones.  In 
the  loins,  the  thickness  of  the  intervertebral  substances,  the  hori- 
zontal and  wide-apart  spines,  and  the  shape  of  the  articular  pro- 
cesses, combine  to  allow  more  motion  than  in  the  back,  but  less 

than  in  the  neck. 

The  movements  of  which  the  spine  is  capable  are  threefold : 
(1)  Flexion  and  extension;  (2)  Lateral  inclination ;  (3)  Torsion. 
Flexion  and  extension  are  freest  between  the  third  and  sixth  cervi- 
cal vertebrae,  owing  to  their  short  and  horizontal  spines  ;  between 
the  eleventh  dorsal  and  second  lumbar  ;  and,  again,  between  the 
last  lumbar  and  the  sacrum.    This  is  well  seen  in  cases  of  tetanus 
('  opisthotonos ' ),  where  the  body  is  supported  on  the  back  of  the 
head  and  the  heels ;  or  when  a  mountebank  bends  backwards  and 
touches  the  ground  with  his  head.    The  lateral  movement  is 
freest  in  the  neck  and  in  the  loins.    The  articulations  of  the  lum- 
bar vertebrEE  admit  of  a  certain  amount  of  rotation  or  torsion,  as 
proved  by  the  following  experiment :  Sit  upright  with  your  head 
and  shoulders  well  applied  against  the  back  of  a  chair  ;  the  head 
and  neck  can  be  rotated  to  the  extent  of  70°.    Lean  forwards  so 
as  to  let  the  lumbar  vertebrte  come  into  play;  you  can  then  turn 
your  head  and  neck  30°  more. 


VERTEBRAL  COLUMN. 


51 


IsTEEVEBTEBEAi,       The  intervertebral  fibro-cartilage  provides  for 
FiBso-cABTiLAGE.     tjie  elasticitj  as  well  as  the  flexibility  of  the  spine. 
The  solidity  of  this  substance  gradually  diminishes  from  the  cii- 
ciunference  towards  the  centre,  where  it  forms  a  soft  and  almost 
incompressible  pulp,  permitting,  to  a  limited  extent,  the  motions 
of  a  ball-and-socket  joint;  namely,  a  gentle  bend  in  every  direction, 
^vith  a  small  amount  of  rotation.    Its  great  elasticity  breaks  the 
force  of  jars  by  gradually  yielding,  and  always  tends  to  restore  the 
coliunn  to  its  erect  form.    Long-continued  pressure  during  the  day 
^vill,  indeed,  make  the  intervertebral  substances  yield,  so  that  a 
man  loses  in  height  perhaps  ^  or  even  i  an  inch  ;  but  this  is 
recovered  after  a  night's  rest.    At  the  same  time  it  should  be 
remembered,  that  a  habit  of  leaning  too  much  on  one  side  will 
make  the  yielding  of  the  intervertebral  substance  permanent. 
Even  the  bones  themselves,  while  they  are  growing,  will  yield 
imder  such  circumstances.   We  may  have  distortion  without  actual 
disease. 

Shape  of  the  form  of  the  column  in  front,  we 

CoLnLVFEOMTHE    obsBrvc  that  it  is  pyramidal,  and  that  the  bodies 
of  the  vertebrae  gradually  increase  in  size  from 
above,  in  order  to  form  a  broad  base  of  support.    The  atlas,  in 
consequence  of  the  great  projection  of  its  transverse  processes, 
necessary  for  the  rotation  of  the  head,  tops  the  pillar  like  a  '  capi- 
tal.'   It  is,  however,  necessary  to  remark,  that  there  is  a  partial 
enlargement  of  the  column  about  the  lower  part  of  the  cervical 
region,  to  give  a  broader  base  to  the  neck;  and  again  a  slight 
decrease  in  its  breadth,  about  the  third  and  fourth  dorsal  vertebrae 
to  allow  more  room  for  the  lungs.     Moreover,  we  commonly 
observe  a  very  gentle  lateral  curve  in  the  dorsal  region,  particu- 
larly alx)ut  the  third,  fourth,  and  fifth  vertebr£e,  with  the  concavity 
towards  the  left  side.    The  reason  of  this  curve  has  been  much 
discussed.    Some  anatomists  attribute  it  to  the  more  frequent  use 
of  the  right  arm  ;  others  to  the  presence  of  the  aorta.    The  solu- 
tion of  the  question  is  of  no  practical  value ;  all  we  need  remem- 
ber 13,  that  the  curve  is  natural. 

CWmx  "^^""^  the  long 

row  of  spinous  processes  forming  the  vertical  crest 

H  2 
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which  gives  the  name  to  the  '  spine.'  At  the  risk  of  repetition 
we  will  again  direct  attention  :  1  •  To  the  suppression  of  the  spine 
in  the  atlas,  to  permit  the  free  extension  of  the  head.  2.  To  the 
great  projection  and  bifurcation  of  the  spine  of  the  axis  for  the 
attachment  of  the  inferior  oblique  muscles  which .  rotate  the  head 
and  atlas.  3.  To  the  shortness  and  horizontal  position  of  the 
spines  of  the  third,  fourth,  and  fifth,  so  as  to  allow  of  free  extension. 
4.  To  the  spine  of  the  '  vertebra  prominens '  for  the  attachment  of 
the  ligamentum  nuchse.  5.  To  the  overlapping  of  the  long  spines 
of  the  dorsal  vertebras  to  limit  movement  in  the  region  of  the 
heart  and  lungs,  which  are  not  constructed  to  resist  stretching  or 
compression  like  the  abdominal  viscera.  5.  To  the  square  and 
horizontal  lumbar  spines. 

Vebtbbbai,  On  either  side  of  the  spine  is  a  deep  fm-row. 

Groove.  termed  the  '  vertebral  groove,'  and  formed  by  the 

laminae.  It  is  boimded  in  the  neck  and  back  by  the  transverse 
processes,  in  the  loins  by  the  articular  processes.  The  groove  is 
narrowest  about  the  junction  between  the  last  dorsal  and  first 
lumbar  vertebrae  (the  weakest  part  of  the  back),  and  widest  at 
the  sacrum.  The  vertebral  groove  is  occupied  by  the  strong 
muscles  of  the  back.  The  crest,  being  all  that  we  can  either  see  or 
feel  of  the  spine  during  life,  is  the  part  we  immediately  examine 
in  cases  of  injury  or  disease.  In  making  this  examination,  we 
ought  to  be  aware  that  the  spines  of  the  several  vertebrae  do  not 
always  succeed  each  other  in  a  precisely  straight  line,  but  that  one, 
here  and  there,  may  deviate  to  the  right  or  the  left,  even  in  persons 
of  the  strongest  frame. 

Observe  that  in  the  cervical  region  the  transverse  processes  are 
in  front  of  the  articular  processes,  and  between  the  notches ;  in  the 
dorsal  they  are  posterior  to  both— so  as  to  make  more  room  for  the 
lungs,  and  to  support  the  ribs  which  curve  backward ;  whilst  in 
the  lumbar  vertebrse  the  transverse  processes  are  in  front  of  the 
articular,  but  behind  the  intervertebral  notches. 

Vebtebbal  Eespecting  the  vertebral  canal  (shown  thi-ough- 

Canal.  out  in  Plate  VII.),  remark  how  well  it  is  protected 

from  injury  by  the  breadth  of  the  arches  of  the  vertebrae.  The 
arches  overlap  each  other,  so  that  it  would  be  difficult  for  a  cutting 
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instrument  to  penetrate  anywhere,  except  perhaps  in  the  lumbar 
region,  and,  again,  between  the  arch  of  the  atlas  and  the  occiput, 
where  animals  are  usually  'pithed.'  The  area  of  the  canal  is 
larger  in  the  lower  cervical  and  in  the  lumbar  region  than  else- 
where, for  two  reasons :— first,  because  the  spinal  cord  itself 
presents  corresponding  enlargements  in  those  parts  where  the  great 
nerves  of  the  limbs  proceed  from  it;  secondly,  because  these 
regions  being  the  most  moveable,  the  cord  runs  less  risk  of  com- 
pression. Observe  well  the  relative  size  and  mode  of  formation  of 
the  intervertebral  foramina  by  the  notches. 

Ossification  of  As  a  rule,  each  vertebra  is  ossified  in  cartilage 
THE  YEETEBEiE.  from  eight  centres,  of  which  three  are  '  principal,' 
— namely,  one  for  the  body  and  one  on  each  side  for  the  arch  and 
its  processes :  the  remaining  five  are  '  epiphyses,'  and  appear,  soon 
after  the  age  of  puberty,  as  follows  : — one  in  the  cartilaginous  end 
of  the  spinous  process,  one  in  the  cartilaginous  end  of  each  of  the 
transverse  processes,  and  one  for  each  of  the  discs  which  form  the 
articular  surfaces  of  the  body.* 

Ossification  usually  commences  at  the  sides  of  the  arch  just 
before  it  begins  in  the  body  of  the  vertebra,— viz.  about  the  sixth 
or  eighth  week  after  conception.  The  sides  of  the  arch  unite  first 
at  the  base  of  the  spinous  process,  so  as  to  complete  the  ossification 
of  the  arch  in  the  first  year  after  birth.  During  the  third  year 
the  bases  of  the  arch  unite  with  the  independently  ossified  '  centre ' 
or  'body.' 

It  must  be  borne  in  mind  that  the  sides  of  the  bodies  aie 
ossified  from  the  arches ;  the  line  of  junction  is  the  '  neuro- 
central  suture  '  of  scientific  anatomists. 

ExcCTTto.Ns  TO  Where  vertebrae  undergo  great  modifications  of 
THK  r.KKKiiAL         foTUi,  wc  mcct  wlth  exceptions  to  the  above  rule. 

Thus  the  atlas  has  only  two  'primary  '  centres, — 
one  for  each  of  its  lateral  halves  ;  and  two  '  epiphyses,'— one  for 
the  anterior  tubercle,  the  other  for  the  posterior.  The  odontoid 
process  of  the  axis  has  two  additional  centres  placed  side  by  side 
uniting  to  the  body  in  tlie  third  year.    It  has  also  two  small 

»  The  five  epiphyses  become  united  to  the  vcrtcbru  by  bono,  about  the  tvroutv-fiflh 
year, 
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epiphyses,  one  at  the  tip,  and  another  between  the  centres  for  the 
process  and  the  centre  for  the  body  of  the  axis.*  These  epiphyses 
ai-eliomologues  of  the  discs  of  ordinary  vertebrae,  and  help  to  justify 
the  general  opinion  that  the  odontoid  process  is  really  the  body  of 
the  atlas ;  although,  if  it  be  so,  it  is  remarkable  that  this  body 
should  have  a  pair  of  centres. 

There  is  a  separate  ossification  for  the  '  superior  tubercles '  or 
'  mammillary  processes  '  of  the  lumbar  vertebrae. 

*  See  Flower's  '  Introduction  to  tte  Osteology  of  the  Mammalia.' 
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We  divide  the  bones  of  the  skull  into  those  which  form  the 
'  cranium '  or  brain  case,  and  those  which  form  the  skeleton  of  the 
face.  We  shall  first  describe  each  of  these  separately,  and  after- 
wards examine  the  skull  as  a  whole. 


'  Occipital, 
8  Frontal, 
Bones  of     j  2  Parietal, 
THE  CEASirai.  I  2  Temporal, 
I  Sphenoid, 
I  Ethmoid. 


14 

Bones  of 
THE  Face. 


2  Superior  Maxillary, 
2  Malar, 
2  Nasal, 
2  Palate, 
2  Lachrymal, 
2  Inferior  Turbinated, 
Vomer, 
~  Inferior  Maxillary. 


THE    OCCIPITAL  BONE. 
(Plate  Vin.) 

FoBAMEN  Ths  occipital  bone  contributes  to  form  part  of 

Maoncm  ajo)  the  base  of  the  skull,  as  well  as  the  back  of  the 
Basilab  Peocess.  iigad.  There  is  a  large  oval  hole  in  it,  called  the 
'  foramen  magnum,'  for  the  passage  of  the  spinal  cord  and  its  mem- 
branes, the  two  vertebral  arteries,  and  the  two  spinal  accessory 
ner\'es.  The  hole  is  very  much  larger  than  the  parts  which  pass 
through  it:  all  the  intervening  space  is  occupied  by  the  watery 
cerebro-spinal  fluid  which  acts  as  a  protector  to  the  cord.  The 
narrow  part  of  the  bone,  in  front  of  the  hole,  projects,  with  a  con- 
siderable inclination  upwards  when  the  bone  is  lield  in  its  proper 
position — that  is,  with  the  foramen  magnum  horizontal ;  it  is  called 
the  '  basilar  process,'  because  it  is  wedged  into  the  base  of  the  skull. 
It  corresponds  with  the  top  of  the  pharynx.    This  relation  is  of 
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practical  importance.  It  is  well  to  know  that  the  basilar  process 
is  within  reach  of  the  finger  when  introduced  deeply  into  the 
mouth,  and  that,  consequently,  we  can  explore  it  satisfactorily,  so 
as  to  ascertain  how  far  a  polypus  may  be  connected  to  it.  The  end 
of  the  basilar  process  is  joined  to  the  body  of  the  sphenoid  bone,  in 
early  life,  by  cartilage ;  but  in  the  adult  this  cartilage  becomes 
ossified.  On  its  under  surface  (fig.  1 )  we  notice  a  tubercle,  exactly 
in  the  middle  line,  for  the  attachment  of  the  aponeurosis  of  the 
pharynx ;  and  laterally,  rough  sm-faces  for  the  attachment  of  the 
'  rectus  capitis  anticus  major  '  and  '  minor.'  On  the  upper  surface 
(fig.  2)  of  the  basilar  process  there  is  a  gently  sloping  groove 
(basilar  groove),  which  supports  the  '  medulla  oblongata.'  The 
medulla  is  not  in  actual  contact  with  the  bony  groove ;  a  thin  layer 
of  fluid  is  interposed,  which,  like  a  water-bed,  protects  this  impor- 
tant part  of  the  nervous  system  from  concussion.  On  each  side  of 
this  groove  is  another,  but  much  smaller  (petrosal)  groove,  for  the 
lodgment  of  the  inferior  petrosal  sinus.* 

The  broad  arched  part  behind  the  foramen 

Occipital  PAET. 

magnum  contributes  to  form  the  skull-cap.  On 
the  convex  or  cutaneous  surface,  about  the  middle,  we  notice  a 
rough  prominence,  called  the  '  occipital  protuberance,'  and  from 
this  we  trace  down  to  the  foramen  magnum  what  is  termed  the 
'  crest '  of  the  occiput,  which  gives  attachment  to  the  elastic 
ligament  (ligamentum  nuchse)  at  the  back  of  the  neck.  From 
this  middle  protuberance  and  crest  we  trace  outwards,  towards  the 
borders  of  the  bone,  two  lines  on  either  side,  termed  the  '  superior 
and  inferior  curved  lines.'  These  lines,  as  well  as  the  rough  sur- 
faces between  them,  more  or  less  evident  in  different  instances, 
are  traces  indicating  the  attachments  of  muscles  at  the  back  of  the 
neck.  The  precise  attachments  of  these  muscles  are  mapped  out 
on  the  right  side  of  the  drawing ;  and  in  examining  them,  under- 
stand, once  and  for  aU,  that  the  blue  outline  denotes  the  insertion 
of  a  muscle  ;  the  red,  the  origin. 

*  The  term 'sinus' is  used  very  vaguely  in  anatomy.  It  means,  generally,  tho 
hollow  of  anything.  Thus  the  air  cavities  in  tlio  bones  of  the  head  are  termed 
'  sinuses.'  "When  used  in  reference  to  the  brain,  a  '  sinus'  means  a  channel  formed  by 
the  fibrous  membrane  (dura  mater)  of  the  brain,  for  .the  return  of  its  venous  blood. 
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Me-vxin-o  of  ^^^6  origin  of  a  muscle  is  the  term  generally 

Obicuj  axd  Ix-  applied  to  its  most  fixed  attachment ;  the  inser- 
sEETiox.  ^^ion  of  a  muscle  is  the  attachment  where  the 

greatest  motion  is  produced.  However,  it  should  be  understood  that 
a  precise  rule  cannot  be  laid  down  with  regard  to  these  terms  as 
applied  to  muscles,  since  the  origin  or  fixed  attachment,  and  the 
insertion  or  moveable  one,  may  under  altered  conditions  be 
reversed. 

Thus,  the  bone  near  the  superior  curved  line  gives  origin  to 
the  '  trapezius '  and  '  occipito-frontalis,'  and  insertion  to  the 
'  sterno-cleido-mastoideus '  and  '  splenius  capitis.'  The  surface 
between  the  two  lines  gives  insertion  to  the  '  complexus.'  Below 
the  inferior  line  are  the  insertions  of  the  'rectus  capitis  posticus 
major,'  the  '  rectus  capitis  posticus  minor,'  and  '  obliquus 
superior.' 

CoN-DTi.Es  AND  '^^^  articular  processes  called  the  'condyles' 
CoxDYLOED  FoEA-  are  placed  one  on  either  side  of  the  foramen 
magnum  along  its  anterior  half.  They  are  oblong 
and  convex,  with  their  anterior  ends  converging.  Moreover,  they 
slant  so  that  their  inner  margins  are  lower  than  their  outer ;  and 
thus  they  are  admirably  adapted  to  fit  into  the  '  cups  '  of  the  '  atlas  ' 
or  first  cervical  vertebra.  Owing  to  this  arrangement,  and  the  great 
strength  of  the  connecting  ligaments,  dislocation  of  the  head 
from  the  atlas  is  exceedingly  rare.  More  than  this,  by  fitting 
together  the  two  bones,  you  find  that  the  condyles  of  the  occiput 
are  much  longer  than  the  cups  which  receive  them,  in  order  to 
permit  the  backward  and  foi-ward  motion  of  the  head.  On  the 
inner  side  of  each  condyle  is  a  rough  surface  or  '  tubercle,'  for  the 
attachment  of  the  '  odontoid '  or  '  check  ligaments'  which  limit  the 
rotation  of  the  head.  Outside  each  condyle  is  the  '  anterior  condyloid 
foramen.'  The  direction  of  this  foramen  is  outwards  and  forwards. 
It  gives  passage  to  the  '  hypoglossal '  or  ninth  nerve  proceeding 
from  the  medulla  oblongata  and  distributed  to  the  muscles  of  the 
tongue.  Immediately  above  the  '  anterior  condyloid  foramen,'  or 
canal,  as  it  should  be  called,  there  is  a  heaping-up  of  bone,  wliich, 
not  having  received  a  name,  may  be  termed  the  '  eminent'ia  inno- 
minata.'    It  looks  like  a  strong  bony  bridge  over  the  canal,  and  is 
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obviously  for  the  purpose  of  strengthening  the  base  of  the  skull 
like  a  flying  arch  just  over  the  condyle.  Behind  each  condyle 
is  a  deep  depression  or  '  fossa,'  at  the  bottom  of  which  we  find  the 
'  posterior  condyloid  foramen.'  *  The  fossa,  by  making  room  for 
the  cups  of  the  atlas,  enables  us  to  move  our  heads  further  back- 
wards than  we  otherwise  could  have  done ;  and  the  foramen  at 
the  bottom  of  it  is  the  opening  of  a  canal  which  runs  horizontally 
forwards  into  the  '  groove  for  the  lateral  sinus '  (fig.  2),  and 
transmits  a  vein  from  the  outside  to  the  inside  of  the  skull. 

Immediately  external  to  the  condyles,  the  bone  forms  on  each 
side  a  projection,  termed  the  'jugular  eminence.'f  On  its  under 
surface  (fig.  1)  there  is  a  roughness  for  the  insertion  of  the  'rectus 
capitis  lateralis.'  On  its  upper  or  cerebral  surface  there  is  a  deep 
'  groove  for  the  lateral  sinus,'  one  of  the  large  venous  canals  which 
retm'u  the  blood  from  the  brain.  Trace  this  groove  forwards,  and 
observe  that  it  turns  suddenly  downwards,  so  as  to  form  a  kind  of 
gulf  (sometimes  termed  the  'jugular  fossa'),  which  lodges  the 
commencement  of  the  internal  jugular  vein.  Looking  at  the  base 
of  the  skull  (Plate  XXIII.)  you  will  further  observe,  that  it  con- 
tributes, with  the  petrous  part  of  the  temporal  bone,  to  form  the 
'  foramen  lacermn  posterius.' 

Ceeebeal  Sue-  On  the  concave  or  cerebral  surface  (fig.  2)  we 
I'ACB.  observe  two  thick  ridges  of  bone,  crossing  each 

other, — the  one  vertical,  the  other  horizontal :  both  are  more  or  less 
deeply  grooved,  for  the  sinuses  of  the  brain.  The  groove  of  the 
vertical  ridge  contains  the  '  superior  longitudinal  sinus '  above,  and 
the  'occipital  sinus'  below  the  crossing.     Near  the  foramen 

*  In  some  skulls  there  are  no  '  posterior  condyloid  foramina.'  In  fifty  skulls  which 
I  have  examined  I  find  them  more  frequently  present  than  ahsent.  Either  the  right 
or  the  left  foramen  may  he  absent. 

t  In  very  few  skulls,  there  projects  from  the  lower  surface  of  the  jugular  eminence 
a  more  or  less  prominent  tubercle,  the  '  parocoipital  process.'  It  is  a  rudiment  of  a 
transverse  process.  It  is  quite  a  deviation  from  the  human  type,  but  is  very  con- 
stantly developed  in  the  mammalian  series.  There  is  a  good  specimen  of  the  process 
in  the  Hunterian  Museum  (No.  5631),  in  a  skull  from  an  aboriginal  of  one  of  the 
Philippine  Islands.  The  process  is  oven  longer  than  the  mastoid  process,  and  presents 
an  articular  surface  for  joining  the  transverse  process  of  the  atlas.  There  is  a  similar 
process  in  a  skull  in  the  Museum  of  St.  Bartholomew's  Hospital.  Thei<e  ai-o  also  two 
specimens  of  it  in  the  Museum  of  Anatomy,  in  Eichmond  Street,  Dublin. 
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magnum,  the  groove  for  the  occipital  sinus  generally  subdivides 
into  two  smaller  ones,  which  gradually  lose  themselves  around  its 
margin.  The  groove  of  the  horizontal  ridge  contains  the  great 
'  lateral  sinus.'  By  referring  to  Plate  XXIII.,  we  may  trace  this 
great  groove  in  its  winding  course  along  the  occipital,  part  of  the 
pai-ietal  and  temporal  bones,  till  it  is  lost  at  the  '  foramen  lacerum 
posterius.'  The  gi'ooves  for  the  lateral  sinuses  are  seldom  equal 
in  size  on  both  sides  of  the  skull :  the  difference  depends  upon  the 
relative  size  of  the  branches  of  the  superior  longitudinal  sinus. 
Generally,  the  right  lateral  sinus  is  larger  than  the  left ;  hence 
the  larger  size  of  the  right  internal  jugular  vein.  Besides  being 
grooved  for  the  sinuses,  the  ridges  give  attachment  to  processes  of 
the  '  dm-a  mater,'  for  the  support  of  the  lobes  of  the  brain.  The 
horizontal  ridge  gives  attachment  to  the  '  tentorium  cerebelli,'  the 
longitudinal  ridge  to  the  '  falx  cerebri '  above,  and  the  '  fals  cere- 
belli '  below  the  crossing. 

At  the  point  where  the  ridges  cross  each  other,  there  is  a  heap- 
ing-up  of  bone,  termed  the  'internal  occipital  protuberance.' 
This  is  by  far  the  strongest  part  of  the  bone,  and  is  obviously  for 
the  purpose  of  protecting  the  back  of  the  cranium  ;  besides  which, 
at  this  protuberance,  no  fewer  than  six  sinuses  *  of  the  brain  meet. 

Between  the  ridges  there  are  four  '  fossae '  for  the  lobes  of  the 
brain, — the  two  upper  for  the  posterior  lobes  of  the  cerebrum,  the 
two  lower  for  the  lateral  lobes  of  the  cerebellum.  By  holding  the 
bone  to  the  light,  you  see  how  thin  are  the  walls  of  the  fossae  for 
the  cerebellum ;  this  being  sufficiently  protected  by  the  mass  of 
muscles  at  the  back  of  the  neck. 
Co.vKEcnoxs  "^^^  occipital  bone  is  connected  with  six  other 

bones ;  namely,  with  the  two  parietals  by .  the 
remarkably  serrated  'lambdoid'  suture,  with  the  two  temporals, 
with  the  sphenoid,  and  with  the  atlas ;  the  latter  being  articulated 
to  the  condyles  by  moveable  joints.  The  sutures  are  simply 
named  after  the  bones  which  they  connect :  for  instance,  we 
speak  of  the  « occipito-parietal '  suture,  the  « petro-occipital,'  the 

*  These  snnnBes  are  the  superior  loiitciludiniil,  tlin  two  latonil,  tlio  two  occipital,  find 
the  straight.  The  meeting  of  IhcHo  hinusos  is  termed  the  'torculur  llcrophili.' 
HpTophilua  fancied  that  the  blood  flowing  in  hero  would  be  '  twisted '  or  '  pressed.' 
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'  occipito-mastoid,'  and  the  '  spheno-occipital.'  All  these  cout 
nections  are  well  serrated,  except  the  '  spheno-occipital,'  which  is 
quite  effaced  in  the  adult  skull,  and  the  '  petro-occipital.' 

The  occipital  bone  is  developed  from  four 
distinct  centres, — one  for  the  basilar  part,  one  for 
the  occipital,  and  one  for  each  condyloid  part.  These  segments 
are,  respectively,  the  '  basi- occipital,'  the  '  supra-occipital,'  and  the 
two  '  ex-occipital '  foetal  elements  of  the  bone.  They  all  meet  to 
form  the  foramen  magnum,  and  all  are  distinct  at  birth.* 


PAEIETAL  BONE. 
.    (Plate  IX.) 

This  broad  and  roof-like  bone  is  so  named  from  its  forming  so 
much  of  the  wall  of  the  skull-cap.  It  is  the  only  bone  belonging 
exclusively  to  the  vault  of  the  cranium.  With  its  fellow  of  the 
opposite  side  it  makes  a  beautiful  arch  for  the  protection  of  the 
brain.  It  is  convex  on  one  surface,  concave  on  the  other,  and 
somewhat  square.  On  the  outer  or  convex  surface 
OtiTEB SuBFACB.    ^^^^      ^^^.^^        'parietal  eminence.'    This  is 

the  centre  from  which  the  bone  was  developed.  Below  the 
eminence  is  a  curved  line,  termed  the  'temporal  ridge,'  which 
gives  attachment  to  part  of  the  'temporal  aponeurosis.'  The 
surface  below  this  line  forms  part  of  the  '  temporal  fossa,'  which 
gives  origin  to  the  '  temporal  muscle.'  The  fom-  angles  of  the 
bone  are  called,  respectively,  the  '  anterior  superior,'  '  anterior  in- 
ferior,' 'posterior  superior,'  and  'posterior  inferior.' 

Cebbbbal  Sub-  Its  cerebral  surface  (fig.  2)  is  marked  by  the 
FACE.  convolutions  of  the  brain,  but  chiefly  by  grooves  • 

formed  by  the  ramifications  of  the  'middle  meningeal  artery.' 
Observe  that  the  trunk  groove  (sometimes  a  complete  canal)  runs 

»  The  ossific  nuclei  appear  about  the  seventh  or  eighth  wodc  of  foetal  life.  The 
odcipital  and  condyloid  parts  unite  about  the  fourth  year.  The  basilar  and  condyloid 
about  the  fifth. 


PLATE  IX. 


Rxnetol  ForaTnen  ... .- 


Angle . 


PostTInF'- Angle. 


>  \  eminence 


Angle. 


Parietal  Bone 


Fio2 


Groove  for  Ixmbitudioai  Sinus. 


(.vol 


a  4' J' I -If' 


A.nt'  lar.' 
Groove  for  middlie  Meiim^eai  artery 


Groiove  for  LateraiSmus 


Dpavm  cm  Stone  by  T.  Go  iarl 


PAEIETAL  BONE. 


61 


along  the  anterior  inferior  angle :  hence  the  greater  liability  to 
effusion  of  blood  in  this  situation  ;  hence  the  necessity  of  caution 
in  trephining  here.  Along  the  border  where  the  two  bones  of 
opposite  sides  unite — that  is,  in  the  middle  line  of  the  skull — is 
the  half-groove  for  the  longitudinal  sinus,  the  other  half  being 
completed  by  the  opposite  bone.  Near  this  border  is  the  '  parietal 
foramen '  *  (fig.  1),  which  transmits  a  vein  from  the  outside  of  the 
head  into  the  longitudinal  sinus.  In  the  skulls  of  aged  persons 
there  are  irregular  depressions  formed  by  the  so-called  '  Pacchi- 
onian glands '  near  the  longitudinal  sinus.  Lastly,  at  the  posterior 
inferior  angle  is  a  trace  of  the  '  groove  for  the  lateral  sinus.' 
Co^iTEcnons  "^^^  parietal  bone  is  connected  by  sutures  with 

five  bones  (Plate  XXVIL),  as  follow  :— With  the 
opposite  parietal  bone,  by  the  interparietal  or  '  sagittal'  suture  ;t  with 
the  frontal  bone,  by  the  fronto-parietal  or  '  coronal '  suture  ;  with 
the  sphenoid  bone,  by  the  spheno-parietal  suture  ;  with  the  temporal 
bone,  by  the  temporo-parietal  or  'squamous'  sutm-e;  with  the 
occipital  bone,  by  the  occipito-parietal  or  '  lambdoid  '  suture.  We 
must  not  fail  to  notice  the  beautiful  arrangement  of  the  sutures  of 
the  parietal  bone  :  the  sutural  edges  are  bevelled  on  alternate  sides, 
so  that  the  bone  cannot  be  driven  in  without  previous  fracture. 
Notice  especially  the  bevelling  of  the  squamous  suture.  (P.  135.) 
DzvELOPMEXT  '^^  devclopcd  from  one  centre,  which  makes 

its  appearance  at  the  parietal  eminence,  about  the 
seventh  week  of  foetal  life. 

FosTAifEi.LE3  '  fontanelles '  is  given  to  those  mem- 

branous intervals  in  the  foetal  skull  which  are  seen 
at  the  four  angles  of  the  parietal  bone.  These  unossified  parts  are 
so  called  from  the  pulsations  of  the  brain  beneath  them  perceptible 
in  infants,  like  the  bubbling  of  a  spring.  They  are  produced  in 
the  following  manner.  Ossification  commences  in  the  centre  of 
the  bone,  and  advances  towards  the  circumference,  therefore  the 

*  This  hole  sometimes  transmiU)  a  small  branch  of  the  temporal  artery  through  the 
Bknll-cap  to  the  dura  mater.  There  may  be  two  foramina  on  one  side  ;  or  there  may 
not  be  one. 

t  In  all  adult  skulls  this  sagittal  suture,  though  for  the  most  part  extremely 
serrated,  is  much  less  so  near  the  parietal  foramina.  When  obliteration  of  this  suture 
takes  place  in  age,  it  always  begins  opposite  these  holes. 


62 


rnONTAL  BONE. 


most  distant  parts  of  the  bone  are  the  last  to  be  ossified.  These 
points  are  the  angles  where  the  several  bones  eventually  meet. 
There  are  in  all  six  '  fontanelles '  (see  Plate  XXVII.  figs.  4  and  5). 
Observe  the  shape  of  the  anterior  and  posterior  '  fontanelles,'  and 
of  the  two  lateral.  The  anterior,  situated  between  the  adjacent 
angles  of  the  parietal  bones  and  the  ununited  halves  of  the  frontal, 
is  lozenge-shaped,  and  remains  open  for  some  time  after  birth ; 
indeed,  it  is  not  (as  a  rule)  entirely  obliterated  till  the  fourth  year. 
The  'posterior,  situated  between  the  parietal  and  the  apex  of  the 
occipital  bone,  is  triangular  and  nearly  filled  up  at  birth.  These 
'  fontanelles  '  are  of  esjjecial  importance  to  the  accoucheur,  as  by 
the  feel  of  them  the  finger  can  detect,  during  parturition,  the 
position  of  the  head  of  the  child.  The  lateral  '  fontanelles '  are  of 
less  importance,  and  generally  filled  up  before  birth. 


FEONTAL  BONE. 
(Plate  X.) 

The  situation  of  the  frontal  bone  is  implied  by  its  name.  As  it 
forms  not  only  the  forehead,  but  the  roof  of  the  orbits,  we  naturally 
divide  it  into  a  '  frontal  plate '  and  an  '  orbital.' 

The  '  frontal  plate '  is  smooth  and  convex,  and 
Feontal  Plate.  ^.^^^  ^^^^^t^  and  height  to  the  forehead.  We 
observe,  first,  the  two  'frontal  eminences,'  one  on  each  side, 
famiHarly  called  the  '  bumps '  of  the  forehead.  They  are  the  two 
centres  from  which  the  bone  was  originally  formed,  and  theii-  greater 
or  less  prominence  indicates  to  a  certain  extent  the  amount  of 
brain  behind  them.  Not  so  the  two  projections  lower  down,  termed 
the  '  superciliary  ridges : '  these  have  nothing  to  do  with  the  brain, 
but  are  occasioned  by  air-cavities  termed  the  '  frontal  cells '  or 
'  sinuses,'  situated  between  the  two  '  tables '  of  the  skull.  And 
here  it  may  be  well  to  mention,  that  the  cap  of  the  skull  consists 
of  two  layers  of  compact  bone,  called,  respectively,  the  outer  and 
inner  '  tables  '  of  the  skull,  and  separated  by  an  intermediate  can- 
cellous tissue  termed  the  '  diploe.'    We  shall  allude  to  the  advan- 
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tage  of  this  structure  hereafter  (p.  134.);  meantime,  observe  that 
the  frontal  cells  are  formed  by  the  separation  of  these  tables.  To 
see  the  extent  of  the  cells,  one  ought  to  make  vertical  sections  as 
shown  in  Plate  XX. 
PoLVTs  OF  Lx-       Let  us  pause  for  a  moment  to  consider  one  or 

TEHEST     CONCERN-       ,  ■    j.         jy    ■  i 

ISO  THE  Fhontal  ^^^^  pomts  ot  mterest  about  the  frontal  sinuses. 
SijTusEs.  1.  They  communicate  freely  with  each  nostril 

through  a  canal  termed  the  '  infundibulum  '  (fig.  2) ;  therefore  it 
is  possible  for  insects  to  reach  them.-^    Blumenbach  mentions  the 
case  of  a  lady  who  had  a  kind  of  centipede  {Scolopendra  dec- 
trica)  for  a  whole  year  in  one  of  her  frontal  ceUs.    It  gave  her 
intense  pain,  and  was  expelled  at  last,  alive,  during  a  fit  of  sneezing. 
It  is  by  no  means  uncommon  to  find  the  larvse  of  insects  in  the 
frontal  cells  of  animals.    Sir  C.  BeU  states  that  a  man,  having 
slept  in  bams,  was  afflicted  with  pains  in  the  forehead,  '  which  were 
reHeved  after  he  had  cUscharged  from  his  nose  a  worm  belonging 
to  that  class  which  spoils  the  com.'    2.  As  they  are  lined  by  a 
continuation  of  the  same  mucous  membrane  which  lines  all  the 
other  passages  of  the  nose,  we  have  a  ready  explanation  of  the 
aching  pain  in  the  forehead  in  cases  of  influenza,  or  a  common 
head  cold.    3.  In  cases  of  fracture  of  the  base  of  the  skull  in- 
volving the  walls  of  the  ceUs,  it  is  possible  for  fragments  of  the 
bram  to  escape  from  the  nose.    The  author  has  seen  a  case  of  this 
kind  where  the  patient  recovered  without  any  permanent  iU  effects 
except  partial  loss  of  smell.    4.  If  the  outer  wall  of  the  ceUs  be 
injured  by  violence  or  disease,  the  air,  in  sneezing  or  coughing,  is 
liable  to  escape  under  the  skin  of  the  forehead,  and  give  rise'  to 
'  emphysema.'  f    5.  Their  use  is,  not  only  to  lighten  the  skull,  but 
to  help  the  resonance  of  the  voice.    They  are  not  developed  till 
towards  the  age  of  puberty,  and  progressively  increase  in  size  after- 
wards.   In    some   tribes— for  instance,  in  some  Australians- 
according  to  Professor  Owen,  they  are  never  fully  developed;  and 
hence  arises  a  certain  want  of  resonance  for  which  their  voice  is 

*  'Histoirf!  rle  I'Acatl^mio  dcs  Sciences,'  1708,  1733. 

t  Hyrtl  ('Topog.  Anfil/^mio')  mentions  the  caio  of  a  bov  wlio  wis  i 
horse  on  the  forehead,  so  that  the  fron.al  colls  were  exposed,  ^.^reln Ue.  f fl  tul''  ' 
open.ng,  through  which,  when  the  nose  was  held,  ho  could  blow  out  atn^ll  "'"" 


Qj,  FEONTAL  BONE. 

remarkable.*  Lastly,  even  in  Europeans,  as  common  observation 
proves,  their  size  and  extent  vary  exceedingly.  A  good  idea  may 
be  formed  of  their  size  in  some  persons,  by  the  fact  that  they  may 
lodge  a  musket  ball.  Mr.  Guthrie  f  states  that  a  soldier  was 
wounded  at  the  battle  of  Talavera  by  a  ball  which  struck  him  on 
the  forehead  and  lodged  in  the  frontal  sinus.  It  was  readily 
removed  by  enlarging  the  opening,  and  the  man  recovered.  The 
author  has  seen  a  case  precisely  similar,  in  a  soldier  who  was 
wounded  in  the  Crimea. 

The  sinuses  are  commonly  separated  by  a  bony  partition,  often 
incomplete.    These  '  bumps '  are  not  prominent  in  children,  be- 
cause the  tables  of  the  skull  do  not  begin  to  separate  to  any  extent 
before  puberty.    From  an  examination  of  naore  than  100  skulls,  I 
find  that  the  absence  of  the  external  prominence,  even  in  middle 
age,  does  not  necessarily  imply  the  absence  of  the  smus  itself,  since 
it  may  be  formed  by  a  retrocession  of  the  inner  table  of  the  skuU. 
In  old  persons,  as  a  rule,  when  the  sinuses  enlarge,  it  is  by  the 
inner  table  encroaching  on  the  brain  case.   The  skull  wall  follows 
the  shrinking  brain.    The  range  of  the  sinuses  may  extend  even 
more  than  half  way  up  the  forehead,  t  and  backwards  for  an  inch 
or  more  along  the  orbital  plate  of  the  bone.    Sometimes  one  smus 
is  larger  than  the  other,  and  consequently  the  '  bump  '  on  one  side 
of  the  forehead  may  naturally  be  more  prominent  than  that  on  the 
other.    In  the  'Normal  Human  Osteology '  series  in  the  Musevun 
of  the  Eoyal  College  of  Surgeons,  there  is  an  instructive  collection 
of  horizontal  sections  through  the  frontal  bone  at  the  level  of  the 
sinuses.     In  a  specimen  from  a  man  ^t.  32,  it  may  be  observed 
that  though  the  sinuses  are  very  extensive,  there  is  no  external 
protuberance.    In  another  from  a  man  ^t.  47  there  are  no  smuses, 

*  On  this  subject  see  an  excellent  work  by  Amman.  'De  Loquem,'  written  in 

1700.  ^.  . 

t  ■  Commentaries  on  Surgery,'  6th  ^  ,  f^^^j,,,,  of  the  elephant, 

t  The  enormous  size  of  these  air-cavities  makes  tne  nigu  ioi«  „„art 

thetwl,  &c.    In  some  elephant  skulls  the  tables  are  ^  ^f^.^,  ^^1  So 

The  head  of  the  old  elephant  in  the  Huntenan  Museum  '^^.^  "^  ^  '^/^j^^  j^^^ow 

they  could  hit  the  brain     The  P-P-  place  to  -  at  .  ^^^^^^^  an  m^  s  .n  the  ho^^  ^ 
just  above  the  root  of  the  nose;  here  the  case  ot  tlie  Dram 
shilling. 
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yet  there  is  a  great  external  protuberance.  One  obvious  conclusion 
from  all  this  is,  that  the  '  bumps '  on  the  forehead  mapped  out  in 
this  situation  by  phrenologists,  under  the  heads  of  'Locality,' 
'  F orm,'  '  Time,'  '  Size,'  etc.,  do  not  necessarily  coincide  with  any 
convolutions  of  the  brain. 

OuBiTAL  The  margin  of  the  orbit,  termed  the  '  supra- 

MAKGDf.  orbital  arch,'  is  composed  of  thick  and  massive 

bone,— as  is,  indeed,  the  entire  circumference  of  the  orbit.  But 
the  '  internal  and  external  angular  processes  ' — in  other  words,  the 
piers  of  the  arch — are  remarkably  strong,  because  they  form  but- 
tresses for  its  support.    Near  the  inner  third  of  the  arch  we  re- 
mark the  '  supra-orbital  foramen,'  or  it  may  be  a  '  notch '  for  the 
transmission  of  the  supra-orbital  nerve  and  artery.    It  is  this  nerve 
which  is  aflfected  in  '  bi-ow  ague.'    At  the  external  angular  process 
we  notice  the  starting-point  of  the  '  temporal  ridge,'  to  which  the 
temporal  aponeurosis  is  attached  (Plate  XIX.  fig.  2) ;  and  just 
below  this  is  a  Kttle  surface  of  bone  which  contributes  to  form  the 
'  temporal  fossa '  for  the  origin  of  the  temporal  muscle. 
Cebebeal  Sub-       On  its  cerebral  surface  (Plate  X.  fig.  2),  we 
observe  that  the  '  frontal  plate '  is  concave,  and 
mapped  out  by  the  convolutions  of  the  brain  and  arterial  *  grooves. 
In  the  middle  line  is  the  groove  for  the  commencement  of  the 
longitudinal  sinus.  Tracing  the  groove  downwards,  we  observe  that 
its  margins  gradually  approximate,  and  lead  to  a  smaU  hole,  the 
'  foramen  cacum.'  f    Though  called  '  blind,'  it  generally  transmits 
a  small  vein  from  the  frontal  cells  into  the  longitudinal  sinus  ;  and 
this  is  one  of  the  anatomical  reasons  assigned  why  bleeding  from 
the  nose  relieves  congestion  of  the  brain,  and  why  the  old  practi- 
tionerti  were  in  the  habit  of  leeching  the  nose. 

Very  often  the  margins  of  the  groove  for  the  longitudinal  sinus 
coalesce,  so  as  to  form  a  small  ridge,  before  they  reach  the  foramen 
excnm.   They  give  attachment  to  a  pei-pendicular  fold  of  the  dura 

*  The  anterior  meningeal  artorioB  (snrmll  vessels  given  oflf  from  tho  ethmoidal 
branches  of  the  ophthalmic),  and  rumifications  from  the  middle  meningeal  arterv  on 
either  side.  ' 

t  Xh.  foramen  ca.aim  sometimes  leads  into  the  frontal  sinus,  somotimns  directly 
into  the  nose;  or  it  may  open  on  tho  posterior  or  anterior  surface  of  tho  nasal  bones 
i  have  seen  it  transmit  a  small  artery.  ' 

F 


FACE. 


66 


FRONTAL  BONE. 


mater  (termed,  from  its  shape,  the  '  falx  cerebri '),  which  separates 
the  hemispheres  of  the  brain.  In  the  feline  race,  e.g.  tigers  and 
cats,  this  partition  is  bony  instead  of  membranous.  Therefore, 
when  we  see  a  frontal  bone  with  a  well-marked  ridge  along  the 
beginning  of  the  longitudinal  groove,  it  is  but  the  extra-ossifica- 
tion of  part  of  a  membrane  which  in  some  animals  is  entirely 
ossified. 

The  '  orbital  plates '  (Plate  X.  fig.  2)  extend 
horizontally  backwards,  and  form  a  concave  roof 
for  the  orbit,  and  a  part  of  the  anterior  fossa  of  the  cranium. 
Hold  them  to  the  light,  and  observe  how  thin  they  are.  In  ex- 
treme old  age,  when  the  diploe  of  the  skull  becomes  absorbed,  the 
orbital  plates  have  sometimes  large  holes  in  them.  At  any  time 
of  life  their  thinness  renders  them  liable  to  be  perforated  by  sharp 
instruments  thrust  into  the  orbit.  Wounds  of  the  brain  from  such 
accidents  are  sometimes.met  with.  Sir  C.  Bell  speaks  of  a  young 
man  having  been  killed  by  the  thrust  of  a  foil  which  had  lost  its 
guard,  and  passed  through  the  orbital  plate  into  the  brain.  Their 
'  cerebral  surface '  is  slightly  ^  convex,  and  generally  ridged  and 
furrowed  by  the  impressions  of  the  brain.*  Their  lower  surface  is 
concave,  more  especially  near  the  external  angular  process,  where 
there  is  a  depression  ('  lachrymal  fossa ')  for  the  lodgment  of  the 
lachrymal  gland.  Again,  near  the  internal  angular  process  there 
is  the  trace  of  a  slight  depression,  indicating  the  attachment  of  the 
cartilaginous  puUey  of  the  '  superior  oblique '  muscle  of  the  eye. 

Ethmoidal  The  orbital  plates  are  separated  by  a  wide 

Notch.  gap,  called  the  '  ethmoidal  notch,'  because  it  re- 

ceives the  cribriform  plate  of  the  ethmoid  bone,  which  here  fits 
into  the  base  of  the  skull.  (Plate  XXIII.)  On  each  side  of  the 
broken  margins  of  the  notch  we  observe  incomplete  cells  with  thin 
walls.  These  cells  correspond  with,  and  are  closed  by,  the  eth- 
moidal ceUs  (Plate  XIV.  fig.  2).  The  largest  cell  of  all  is  in  the 
front ;  and  this,  as  seen  in  Plate  X.  fig.  2,  leads  into  the  frontal 

*  The  orbital  plates  of  the  frontal  bone  are  more  or  less  arched  in  diflForent  skulls. 
Of  course  the  more  they  are  arched  the  moro  they  encroach  on  the  cranial  space,  and 
therefore  the  less  room  there  is  for  the  anterior  lobes  of  the  brain.  Compare  the  skull 
of  a  monkey  with  that  of  a  man,  and  you  will  observe  a  marked  difference. 
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sinus.    All  of  them  are  filled  with  air,  and  lined  by  the  mucous 
membrane  of  the  nose.  At  the  front  part  of  the  notch  we  observe 
the  '  nasal  spine '  of  the  frontal  bone.    This  little  perpendicular 
projection— generally  broken  oflf  in  taking  the  skull  to  pieces- 
serves  to  support  the  proper  nasal  bones  (Plate  XX.  fig.  1),  and 
helps  to  form  the  septum  of  the  nose,  by  uniting  with  the  perpen- 
dicular plate  of  the  ethmoid  bone.    On  either  side  of  it  is  a  little 
groove  which  forms  part  of  the  roof  of  the  nose  (Plate  X.  fig.  1). 
Immediately  in  front  of  the  nasal  spine  is  the  jagged  surface  which 
receives  the  nasal  bones,  and  the  nasal  process  of  the  superior 
maxillary  bone  (Plate  XVIII.  fig.  2).    Lastly,  along  the  broken 
margin  of  the  ethmoidal  notch,  notice  two  canals  which,  with  the 
ethmoid  bone,  form  the  'anterior  and  posterior  ethmoidal  fora- 
mina '  *  for  the  passage  of  nerves  and  arteries  from  the  orbit  into 
the  nose. 

CoNNECTioKs.         ^'^^  frontal  is  connected  with  twelve  bones,  of 
which  two,  the  sphenoid  and  ethmoid,  are  single. 
It  is  united  to  the  two  parietal  bones  by  the  '  fronto-parietal '  or 
'  coronal  suture  '  (Plate  XXVII.  fig.  2).    Concerning  this  suture, 
we  must  observe  how  admirably  it  locks  the  bones  together,  and 
secures  the  arch  of  the  skull.    The  margin  of  the  frontal  bone  is 
bevelled  at  the  expense  of  its  inner  table  above,  of  its  outer  table 
below ;  and  the  parietal  bone  is  adapted  accordingly.    The  lower 
half  of  its  temporal  margin  unites  with  the  gi-eater  wing  of  the 
sphenoid.    Its  external  angular  process  is  connected  to  the  malar 
bone  ;  its  internal  angular  process,  to  the  nasal  bone  and  nasal 
process  of  the  superior  maxillary.  Its  orbital  plate  is  connected  to 
the  sphenoid,  ethmoid,  and  lachrymal  bones.    Look  well  into  the 
orbits  and  see  these  several  connections.  They  form  a  continuous 
Huture  from  one  external  angular  process  to  the  other.  It  is  called 
the  '  transverse  frontal  suture.' 

JDimjLoPHPj,T.         '-^^'^  ^^''"^^^^  ^"""^^  i-^  developed  from  two  centres, 
which  appear  one  on  each  side,  in  the  situation  of 
the  frontal  eminence.   About  the  seventh  week  of  foetal  life,  these 

*  Tl'e  anterior  transmiCs  the  '  rmHnl '  l.r.w.cl,  of  tho  ophllmlmic  norvo  au.l  the  ante- 
nor  ethmoidal  artory  a„d  vein;  the  posterior,  the  posterior  othmoidul  urtory  and 
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lateral  halves  unite  and  form  a  vertical  suture  down  the  middle  of 
the  forehead,  termed  the  '  frontal '  suture  ;  so  that  in  children  the 
two  halves  of  the  bone  are  easily  separated.  Grenerally  this  suture 
becomes  obliterated  during  the  second  year ;  but  sometimes  traces 
of  it  persist,  as  seen  in  the  skull,  Plate  XXVII. ;  hence  the 
practical  rule  not  to  mistake  it  for  a  fracture.* 

The  frontal  bone  gives  attachment  to  three  muscles  ;  namely, 
to  part  of  the  '  temporal,'  part  of  the  '  orbicularis  oculi,'  and  the 
'  corrugator  supercilii.' 


TEMPORAL  BONE. 

(PlATE  XI.) 

DmsioN  INTO  This  bone  occupies  the  temples.  It  is  a  com- 
THEEE  Portions.  plicated  bone,  even  on  the  outside ;  much  more  so 
in  its  interior,  because  it  contains  the  organ  of  hearing.  At  present 
we  will  confine  ourselves  to  the  description  of  all  that  can  be  seen 
on  its  outer  sui-face.  To  facilitate  this,  we  divide  it  into  three 
parts, — a  squamous  portion,  situated  in  the  temple ;  a  mastoid, 
forming  the  little  projection  behind  the  ear ;  and  a  petrous,  which 
contains  the  organ  of  hearing,  and  projects  like  a  wedge  into  the 
base  of  the  skull.  This  division  is  natural  as  well  as  convenient, 
since  each  of  these  parts  (the  mastoid  excepted)  is  developed  from 
a  separate  centre  of  ossification,  and  remains  for  some  time 
distinct  in  childhood.  Add  to  which,  they  represent  permanently 
distinct  bones  in  some  of  the  lower  animals. 

SQUAMOUS  PoB-  The  squamous  portion,  named  from  its  scale- 
HON.  like  appearance,  forms  part  of  the  wall  of  the 

temple.  It  is  very  thin  :  hence  the  danger  of  a  blow  here.  Its 
outer  surface  is  smooth,  and  entirely  covered  by  the  temporal 
muscle,  to  which  it  gives  origin.    Its  inner  surface  is  marked  by 

*  Dr.  Leacli  and  others,  ^lio  have  examined  the  immense  collection  of  crania  in 
the  Catacombs  at  Paris,  have  remarlced  that  the  number  of  adult  skuUs  m  which  the 
frontal  suture  remained  unobliteralod  was  about  one  in  eleven. 
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the  convohxtions  of  the  brain,  and  by  a  narrow  groove  which 
sweeps,  in  a  curved  direction,  from  before  backward,  indicating 
the  course  of  the  middle  meningeal  artery.    (Plate  XI.  fig.  2.) 
Ztgosia.  loy^ev  part  of  the  squamous  portion 

there  is  an   outgrowth   of  bone,   termed  the 
'  zygoma  '  {^vyco/xa,  a  bolt  or  bar).    It  projects  horizontally  for- 
wards, and  is  connected  by  a  strongly  serrated  suture  with  a  similar 
projection  fi-om  the  malar  bone ;  so  that  the  two  together  form  an 
arch  ('zygomatic  arch')  beneath  which  the  temporal  muscle  plays. 
(Plate  XIX.  fig.  2.)    The  base  of  the  zygoma  is  very  broad,  and 
appears  to  spring  from  two  roots,— an  anterior  and  a  posterior  : 
in  the  space  between  them  is  the  '  glenoid  cavity,'  which  forms  the 
socket  for  the  lower  jaw.  The  posterior  root  (supra-mastoid  ridge) 
runs  backwards  in  the  same  line  with  the  zygoma,  and  forms  the 
upper  boundary  of  the  glenoid  cavity  :  after  that,  we  trace  it  over 
the  meatus  auditorius  e^ternus,  and  then  it  gradually  fades  away, 
marking  the  line  of  separation  between  the  squamous  and  the' 
mastoid  divisions  of  the  bone.    In  the  negro  race,  this  supra- 
mastoid  ridge  is  strongly  marked,  and  is  characteristic  of  a 
degraded  type  of  skuU.    The  anterior  root  is  the  main  root  of  the 
two  :  it  is  very  broad  and  strong,  and  runs  transversely  inwards  to 
form  the  front  boundary  of  the  glenoid  cavity.    It  is  called  the 
'eminentia  articularis.'    This  is  crusted  with  cartilage  in  the 
recent  state,  in  order  to  form  additional  surface  for  the  play 
of  the  lower  jaw.    Under  ordinary  circumstances,  the  'condyle  ' 
or  hinge  of  the  jaw,  is  in  the  glenoid  cavity;  but  when  the 
mouth  IS  open  wide,  the  condyle  slides  forward  out  of  the  socket 
and  comes  to  play  on  the  articular  eminence.    In  fits  of  laughter 
or  of  yawning,  when  the  mouth  is  opened  wide,  the  condyles  may 
be  suddenly  dragged  by  the  muscles  in  front  of  the  aiticular 
eminences;  and  then  we  have  a  dislocation  of  the  jaw  into  the 
zygomatic  fossa.    Under  such  circumstances  a  person  presents  a 
very  ridiculous  appearance,  since  the  mouth  remains  wide  open 
unt.l  the  dislocation  is  reduced.    At  tlie  base  of  the  zygoma  we 
notice  a  little  tul^rcle  ('  tubercle  of  the  zygoma '),  which  serves  for 
the  attachment  of  the  external  lateral  ligament  of  the  lower  jaw 
I>astly,  the  upper  edge  of  the  zygoma  gives  attachment  to"  the' 
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temporal  aponeurosis ;  the  lower  edge  gives  origin  to  the  masseter 
muscle. 

Glenoid  The   'glenoid   cavity'   (7X771/77,  a  socket),  or 

Cavitt.  socket  for  the  lower  jaw,  is  oval,  concave  from 

before  backwards,  with  the  long  diameter  transverse,  or  nearly  so. 
At  the  bottom  of  it  notice  a  fissure,  termed  the  '  fissura  Glaseri,' 
or  '  glenoid  fissure,'  the  remains  of  the  original  separation  between 
the  squamous  and  petrous  portions  of  the  bone.  The  part  in  front 
of  the  fissure  is  the  proper  socket  for  the  jaw  :  the  part  behind  it 
is  occupied  by  a  lobe  of  the  parotid  salivary  gland.  Pass  a 
bristle  up  the  fissure,  to  see  that  it  leads  to  the  tympanum  of 
the  ear.*  Between  the  glenoid  cavity  and  the  meatus  audi- 
torius  there  is  a  slight  process  which  affords  support  to  the 
lower  jaw,  and  guards  against  dislocation  backwards.  This  '  post- 
glenoid  process '  is  generally  well  marked  in  African  skulls,  and 
always  so  in  the  gorilla,  the  animal  which  makes  the  nearest 
approach  to  man. 

Mastoid  Poe-  The  '  mastoid  portion '  forms  the  piece  of  bone 
TioN.  behind  the  ear  termed  the   mastoid   '  process ' 

(/jiaa-Tos,  a  nipple).  The  chief  purpose  of  this  process  is  to  give 
insertion  and  greater  leverage  to  some  of  the  muscles  f  which  move 
the  head  round.  These  muscles,  as  seen  in  Plate  XI.  fig.  1,  are 
also  inserted  into  the  rough  surface  above  and  behind  the  mastoid 
process.  If  a  section  be  made  through  the  process,  we  find 
that  it  is  hollowed  in  the  interior  by  large  and  freely  commu- 
nicating cells,  termed  '  mastoid,'  which  open  into  the  back  part  of 
the  tympanum.  These  cells,  like  the  tympanum  itself,  contain 
warm  air,  which  is  admitted  from  the  back  part  of  the  nostrils 
through  '  the  Eustachian  tube.'  They  not  only  make  the  bone 
lighter,  but  are  useful  to  the  sense  of  hearing,  by  allowing  more 
space  for  the  vibration  of  the  air.    Like  the  frontal  cells,  and 

*  The  glenoid  fissure  contains  the  'processus  gracilis'  of  the  'malleus,'  the  tym- 
panic artery,  the  'laxator  tympani '  muscle,  and  is  usually  said  to  transmit  the 
'chorda  tympani'  nerve;  but  this  nerve,  strictly  speaking,  runs  through  a  little  canal 
of  its  own,  close  by  the  fissure  termed  '  Canal  of  Huguier.' 

t  The  '  storno-cleido-mastoideus,'  under  that  the  '  splenius  capitis,'  andetill  deeper 
the  '  trachelo  mastoideus.'  Beneath  all  these  muscles  the  occipital  artery  runs  to  the 
back  of  the  head,  along  a  slight  groove  (sometimes  absent)  in  the  bone. 
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indeed  all  the  air-cells  in  the  bones  of  the  skull,  they  are  not 
developed  till  the  approach  of  puberty.    In  cases  of  deafness, 
arising  from  obliteration  of  the  Eustachian  tube,  it  was  formerly 
the  practice  to  make  an  opening  into  the  mastoid  cells,  in  order  to 
admit  free  access  of  air  into  the  tympanum.  The  success  attending 
this  proceeding  induced  Just  Berger,  physician  to  the  King  of 
Denmark,  to  have  the  operation  done  upon  himself ;  but  he  died 
twelve  days  afterwards  from  extension  of  inflammation  to  the 
membranes  of  the  brain  ;  and  the  death  of  this  illustrious  man 
brought  the  operation  into  disrepute.  Just  internal  to  the  mastoid 
process  is  a  deep  fossa,  termed  the  '  digastric  fossa,'  where  the 
'digastric'  muscle  arises.     Behind  the  process  is  a  hole,  called 
the  'mastoid  foramen,'  through  which  a  vein  runs  from  the 
outside  of  the  head  directly  into  the  lateral  sinus.    This  explains 
why  leeches,  applied  behind  the  ears,  relieve  congestion  of  the 
brain.    Lastly,  on  the  cerebral  aspect  of  the  mastoid  portion,  we 
have  to  notice  the  '  groove  for  the  lateral  sinus.' 

Pethous  Por-  The  '  petrous  portion '  derives  its  name  from  the 
hardness  of  its  constituent  bone  {irerpos,  a  rock). 
It  projects  horizontally  into  the  base  of  the  skull  (Plate  XXIII.),  so 
as  to  carry  far  out  of  harm's  way  the  delicate  organ  which  it  con- 
tains. Its  shape  is  like  a  triangular  pyramid  with  the  apex 
inwards ;  so  that,  for  descriptive  purposes,  it  may  conveniently 
be  divided  into  three  surfaces,— an  anterior,  a  posterior,  and  an 
inferior :  then  there  is  a  base  and  an  apex.  Our  best  plan  is  to 
examine  each  of  these  parts  separately,  that  we  may  be  able  to 
answer  the  question,  what  is  seen  on  the  anterior,  what  on  the 
posterior  surface,  and  so  forth.    Take  the  base  first. 

Meatus  Aldi-  At  the  hose  of  the  petrous  portion  is  the  orifice 
TOE.trs  ExTKR.v(;s.  of  the  passage  to  the  ear,  termed  the  '  meatus 
auditorius  extemus.'  It  is  situated  immediately  behind  the  gle- 
noid cavity,  and  its  boundaries  are  chiefly  formed  by  a  cm-ved  plate 
of  bone,  called  the  'processus  auditorius.'  Observe,  first,  that  the 
edge  of  it  is  very  jagged,  for  the  attachment  of  the  cartilage  of 
the  ear;  and  then  look  carefully  down  the  passage  to  see  that  the 
plate  we  are  speaking  of  forms  its  boundary  wall  all  round, 
except  at  the  uppermost  part.    This  inspection  will  probably 
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suggest  that  the  whole  plate  is  something  superadded  to  the  rest 
of  the  bone, — a  sort  of  after-growth  ;  which  is  precisely  the  case.  In 
the  foetus  there  is  no  meatus,  hut  simj)ly  a  ring  of  bone,*  forming 
three-fourths  of  a  circle,  the  deficiency  being  at  the  upper  part. 
This  ring  is  ossified  independently,  about  the  third  month,  is  quite 
distinct  from  the  other  parts,  and  is  specially  intended  for  the 
attachment  of  the  dnmi  of  the  ear  (membrana  tympani) ;  so  that 
at  this  early  period  it  might  be  rudely  compared  to  a  hoop  with 
a  membrane  stretched  across  it.  (Plate  XXVII.  fig.  5.)  In  process 
of  time,  however,  the  hoop  begins  to  ■  grow  out  on  its  external 
side,  and  thus  transforms  itself  into  the  canal  or  meatus,  which, 
as  it  becomes  longer,  gradually  coalesces  with  the  other  consti- 
tuents of  the  bone. 

Eespecting  the  shape  of  the  passage,  we  should  observe  that 
it  is  oval,  with  the  long  diameter  nearly  vertical ;  therefore  all 
specula  used  for  examining  the  ear  ought  to  be  of  the  same  shape. 
The  narrowest  part  of  the  passage,  in  the  recent  state,  is  about 
the  middle  ;  hence  if  a  foreign  body,  such  as  a  pea,  happen  to 
get  into  the  ear,  it  is  generally  pushed  through  the  narrow 
part  by  clumsy  efforts  to  extract  it,  and  then  the  moistm-e  of 
the  ear  causes  it  to  swell,  and  makes  its  extraction  most  diffi- 
cult and  painful.  Mr.  Wilde  f  mentions  the  case  of  a  boy,  eight 
years  of  age,  into  whose  ear  one  of  his  schoolfellows  thrust  a 
grain  of  Indian  corn.  The  schoolmaster,  in  his  wisdom,  endea- 
voured to  remove  it  by  attaching  a  piece  of  wax  to  the  end  of  a 
stick,  and  thrusting  it  into  the  passage.  Four  days  afterwards,  the 
boy  was  brought,  with  his  eaj-  in  a  state  of  acute  inflammation, 
to  Mr.  Wilde,  who  eventually  succeeded  in  extracting  the  givain 
by  means  of  a  '  cm-ette,'  with  the  point  bent  to  a  right  angle. 
The  grain  of  corn  had  increased  to  one-thkd  more  than  its 
natural  size. 

Pbtrous  Pob-  The  anterior  surface  (Plate  XII.  fig.  2)  of  the 
TioN.  Anterior  petrous  portion  forms  part  of  the  middle  cerebral 
Surface.  ^-^gg^^  lodgment  of  the  middle  lobe  of  the 

*  In  many  animals  this  remains  permanently  a  distinct  bone,  under  the  name  of 
the  'tympanic  Lone.' 

f  '  Aural  Surgery,' p.  179. 
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brain,  and  is  more  or  less  marked  by  its  convolutions.  About  the 
middle  of  it  is  a  little  eminence,  indicating  the  position  of  the 
'  superior  semicircular  canal '  (a  part  of  the  internal  ear).  More 
forward,  is  a  small  furrow  leading  to  an  opening  termed  the 
'  hiatus  Fallopii,'  which  transmits  the  '  Vidian '  or  '  great  petrosal ' 
nerve.  Immediately  to  the  outer  side  of  this  is  a  smaller  furrow 
and  opening,  for  the  passage  of  the  '  lesser  petrosal  nerve.'  Near 
the  apex  is  a  depression  for  the  '  Grasserian  ganglion.'  External  to 
this  is  the  termination  of  the  '  carotid  canal.'  Lastly,  just  at  the 
angle  where  the  squamous  and  petrous  portions  meet  (Plate  XII. 
fig.  1),  you  wiU  observe  two  tubes  running  backwards  parallel  to 
each  other,  like  a  double-barrel  gun  (except  that  they  lie  one  above 
the  other) :  they  both  lead  to  the  tympanum.  The  upper  of 
the  two  is  the  canal  for  the  '  tensor  tympani '  muscle ;  the  lower, 
which  is  by  far  the  larger,  is  the  Eustachian  tube,  or  passage 
which  conducts  the  air  from  the  pharynx  to  the  tympanum.  The 
thin  partition  separating  the  two  barrels  is  called  the  '  processus 
cochleariformis.' 

Pethocs  Poe-  Theposterior  surface  of  the  petrous  portion  forms 
Tiojf.  PosTEBioE    part  of  the  posterior  fossa  of  the  base  of  the  skull. 

(Plate  XXIII.)  The  most  prominent  object  upon, 
it  is  the  '  meatus  auditorius  internus  '  (Plate  XI.  fig.  2),  a  large 
canal  which  runs  nearly  horizontally  outwards,  and  transmits  the 
'  seventh  paii- '  of  nerves,  consisting  of  the  auditory  nerve  (portio 
mollis),  and  the  motor  nerve  of  the  face  (portio  dura).  It  also 
transmits  the  auditory  artery,  a  branch  of  the  basilar.  The 
meatus  is  much  larger  than  the  nerves  which  it  transmits,  the 
space  between  them  and  the  bony  canal  being  filled  by  a  watery  ■ 
fluid  Ccerebro-spinal  fluid),  which  supports  the  base  of  the  brain. 
In  fractures  through  the  base  of  the  skull  involving  the  meatus, 
the  fluid  sometimes  oozes  out  through  the  external  ear :  this, 
therefore,  is  regarded  as  a  very  dangerous  symptom  in  cases  of 
injuries  to  the  head.  If  a  special  section  were  made  to  show  the 
bottom  of  the  meatus,  we  should  find  that  it  is  divided  by  a  small 
ridge  of  bone  into  two  unequal  parts,  as  seen  in  the  cut,  fig.  14. 
In  the  upper  and  smaller  of  the  two,  there  is  the  commencement  of 
a  sfpecial  canal  (arjujeductus  Fallopii)  for  the  motor  nerve  of  the 
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face  ;  in  the  lower  there  are  several  minute  apertures  arranged  in 
a  spiral  form  (lamina  cribrosa),  through  which  the  fibres  of  the 
auditory  nerve  reach  the  internal  ear.    About  a  quarter  of  an  inch 

Fig.  14. 
AquEeduotus  Fallopii. 

ELdge  of  bone. 


Lamina  cribrosa,  througli  ■which  the  nerves 
pass  to  the  cochlea. 


behind  the  meatus  is  a  slit-like  opening  which  looks  backwards, 
and  is  termed  the  '  aquceductus  veatibulV  This,  though  appa- 
rently of  considerable  size,  soon  contracts  so  much  that  it  will 
barely  admit  a  bristle.  It  leads  to  the  vestibule  of  the  internal 
ear.  Immediately  below  the  meatus  there  is  a  conical  pit,  which 
is  tolerably  wide  at  first,  but  gradually  contracts  to  a  minute 
canal,  leading  to  the  cochlea,  termed  the  '  aquceductus  cochlece.^ 
The  particular  use  of  these  minute  '  aqueducts '  leading  to  the 
internal  ear  is  not  known  :  but  it  is  certain  they  sometimes 
transmit  small  blood-vessels. 

PBTOons  PoE-  The  inferior  surface  of  the  petrous  portion 
TioN.  Inferioe  presents  a  broken  and  irregular  aspect,  and  has 
SuwACE.  j^^j^y  j^^jgg       j^.  (-pi^^g  XII.  fig.  1).  Beginning 

near  the  base,  we  observe,  first,  the  '  styloid  process.'  *  This 
long  '  process '  descends  with  a  slight  inclination  forwards,  and 
gradually  tapers  to  a  sharp  point.  Its  length  varies  in  different 
skulls ;  generally  it  is  about  one  inch  long.  In  old  skuUs  it  is 
sometimes  longer  :  there  is  a  skull  in  the  Museum  of  St.  Bartholo- 
mew's Hospital  which  has  a  styloid  process  three  inches  long.  Its 
use  is  to  give  origin  to  three  muscles  and  two  ligaments.  The 
muscles  are  for  the  movement  of  the  tongue  and  pliarynx ;  they 

*  So  called  from  its  resemblance  to  an  ancient  'stylo,'  or  pen.  It  is  originally 
distinct  from  the  rest  of  the  bono,  but  gradually  coalesces  with  it  about  the  age  of 
three  years.    In  animals  it  remains  a  permanently  distinct  bono. 
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arise  as  follows : — the  '  stylo-pharyngeus,'  from  the  inner  side  of 
the  base ;  the  '  stylo-hyoideus,'  from  the  middle  and  outer  aspect ; 
and  the  '  stylo-glossus,'  from  the  front  of  the  process  (Plate  XI. 
fig.  1).  To  the  tip  itself  is  attached  the  'stylo-hyoid  ligament,' 
which  runs  downward  and  forward  to  the  os  hyoides.  In  cases 
where  the  styloid  process  is  unusually  long,  it  is  nothing  more  than 
ossification  of  this  ligament.  The  other  ligament  attached  to  the 
process  is  the  '  stylo-maxillary,'  which  separates  the  submaxillary 
from  the  parotid  gland.  Lastly,  the  fore  part  of  the  root  of  the 
styloid  process  is  surrounded  by  a  kind  of  bony  sheath,  termed 
the  '  vaginal  process,'  about  which  there  is  nothing  to  be  remarked 
except  that  it  is  a  continuation  of  the  plate  of  bone  which  forms 
the  hinder  part  of  the  glenoid  cavity. 

Between  the  mastoid  and  styloid  processes  is  a  hole  termed  the 
'  stylo-mastoid  foramen.'  (Plate  XII.  fig.  1.)  It  gives  exit  to  the 
facial  nerve  (portio  dura),  which  entered  the  bone  at  the  bottom 
of  the  meatus  auditorius  internus,  and  lets  a  small  artery  *  run  in 
to  supply  the  tympanum.  If  you  introduce  a  stiff  bristle  into  the 
hole,  you  will  piobably  succeed  in  passing  it  through  the  bony 
canal  traversed  by  the  nerve  from  its  entrance  to  its  exit.  The 
canal  is  a  complete  tube  of  bone,  called  the  '  aquaeductus  Fallopii  '  f 
after  the  anatomist  who  first  described  it.  (Plate  LIX.)  The  pas- 
sage of  this  nerve  through  the  temporal  bone  renders  it  liable  to 
be  injured  in  fractures  of  the  base  of  the  skull,  or  in  disease  of 
the  ear;  and  this  explains  why  we  sometimes  have  paralysis  of 
one  side  of  the  face  under  these  circumstances. 

On  the  inner  side  of  the  stylo-mastoid  foramen  we  find  a  deep 
depression  termed  the  'jugular  fossa.'  This,  with  a  corresponding 
part  of  the  occipital  bone,  forms  the  '  foramen  lacerum  posterius.' 
CPlate  XXIV.)  Here  the  lateral  sinus  pours  its  blood  into  the 
commencement  of  the  internal  jugular  vein,  which  forms  a  great 
bulge  to  fill  the  fossa.  Here  also  the  eighth  pair  of  nerves  leaves 
the  skull  (through  a  little  notch  in  front  of  the  foramen  lacerum) ; 
and  here,  one  of  the  posterior  meningeal  arteries,  a  branch  of  the 
occipital,  enters  it.    On  the  outer  wall  of  the  jugular  fossa,  near 

*  The  stylo-ina«toid,  a  branch  of  the  posterior  iiuricular. 

t  Fallopius  waa  a  distinguished  Italian  anatomiHt,  b.  1523,  d.  1563. 
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the  root  of  the  styloid  process,  we  find  the  minute  foramen  for 
'Arnold's  nerve.'  In  front  of  the  jugular  fossa  is  the  large  circular 
commencement  of  the  canal  in  the  petrous  bone,  through  which 
the  carotid  artery  enters  the  skull  ('  carotid  canal ').  Observe  that 
the  canal  mounts  nearly  perpendicularly  for  a  short  distance,  and 
then,  turning  horizontally  forward  and  upward,  emerges  at  the 
apex  of  the  bone.  On  the  plate  of  bone  which  separates  the  jugular 
fossa  from  the  carotid  canal,  there  is  a  minute  foramen  for 
'Jacobson's  nerve.'*  Near  the  apex  is  a  rough  sm-face  which 
gives  origin  to  the  '  tensor  tympani  '  and  '  levator  palati '  muscles. 
The  apex  itself  presents  nothing  more  than  the  termination  of  the 
carotid  canal,  and  helps  to  form  one  of  the  boundaries  of  the 
ragged  hole  at  the  base  of  the  skull,  termed  the  '  foramen  lacerum 
medium.'    (Plate  XXIV.) 

Along  the  sharp  border  between  the  anterior  and  posterior  sur- 
faces of  the  petrous  portion  we  remark  the  grq"  e  for  the  'superior 
petrosal  sinus,'  which  discharges  itself  into  tLie  lateral  sinus.  The 
faintly  indicated  groove  along  the  fore  part  of  the  lower  border  of 
the  posterior  surface  is  for  the  'inferior  petrosal  sinus.'  The 
neighbourhood  of  these  venous  channels  to  the  cavity  of  the  tym- 
panum explains  why  bleeding  from  the  ear  sometimes  occm-s  in 
fractures  running  through  the  petrous  portion  of  the  temporal  bone. 

CoKKECTioNs  OF  The  temjjoral  is  connected  with  five  bones. 
THK  Tejipoeal  The  squamous  portion  is  connected  to  the  parietal 
bone  and  the  great  wing  of  the  sphenoid  bone  by 
the  '  temporo-parietal '  and  '  temporo-sphenoid  sutures,'  concerning 
which  the  following  mechanism  must  be  noticed ;  namely,  that  the 
squamous  part  overlaps  the  parietal  above,  but  is  itself  overlapped 
by  the  sphenoid  below, — an  arrangement  which  greatly  contributes 
to  the  security  of  the  ai-ch  of  the  skull.  The  mastoid  part  is 
connected,  above,  to  the  inferior  angle  of  the  parietal  by  tlie 
'  masto-parietal '  suture,  and,  behind,  to  the  occipital  by  the 
'  masto-occipital '  suture.  The  petrous  part  is  wedged  into  the 
base  of  the  skull  between  the  sphenoid  and  occipital  bones.  (Plate 
XXIII.)    The  zygomatic  process  is  connected  to  the  malar  bone 

*  Arnold's  nerve  is  a  branch  of  the  pneumo-gastric ;  Jacobson's  nerve  is  the  tym- 
panic branch  of  the  glossopharyngeal. 
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by  a  strong  sufure,  the  '  zygomatic,'  the  lower  part  of  which  slopes 
much  backwards.  Lastly,  the  glenoid  cavity  articulates  with  one 
of  the  condyles  of  the  lower  jaw.  In  the  living  subject,  an  inter- 
articular  fibro-cartilage,  lined  above  and  below  by  a  synovial  mem- 
brane, separates  the  two  articular  surfaces,  and  one  of  its  purposes 
is  to  protect  this  part  of  the  skull  from  the  effects  of  a  blow  under 
the  lower  jaw. 

DEVELOPitEXT 

The  temporal  bone  is  developed  from  four  centres 
OF  THE  Tejipoeal  of  ossificatlou  ;  namely,  one  for  each  of  the  foUow- 
mg  parts  : — the  squamous,  including  the  zygoma ; 
the  petrous,  including  the  mastoid  process  ;  the  tympanic  or  pro- 
cessus auditorius ;  and  lastly,  the  styloid  process.  These  remain 
permanently  distinct  bones  in  the  lower  animals ;  and  it  is  worthy 
of  remark,  that  even  in  the  human  subject  traces  of  the  union  of 
all  are  visible  even  in  advanced  age.  The  most  cuiious  develop- 
ment is  that  of  the  +vmpanic  pai-t,  which,  a  simple  ring  of  bone  in 
the  fcetus,  channelled  ^tuside  for  the  attachment  of  the  membrana 
tympani,  eventually  grows  out  so  as  to  form  the  meatus  auditorius. 
In  the  fcEtus,  the  mastoid  part  is  very  small,  and  gradually  enlarges 
towards  puberty  by  the  formation  of  the  mastoid  cells.  The  styloid 
part  is  for  a  long  time  cartilaginous  after  birth,  and  ossifies  slowly 
with  age.* 


SPHENOID  BONE. 
(Plates  XIII.,  XIV.) 

CoNSTiTTTEyr  The  sphenoid  bone  is  so  called  because  it  is 

wedged  in  at  the  base  of  the  skull  between  all  the 
other  bones  of  the  cranium  (a(f)'>]v,  a  wedge,  slSos,  form).  As  it  not 
only  enters  into  the  formation  of  the  base  of  the  skull,  the  orbits, 
the  temples,  and  the  nasal  passages,  but  is  also  connected  with  all 
the  bones  of  the  cranium,  and  many  of  those  of  the  face,  one 

*  Tho  ossification  of  tho  «f|iiamoii9  piirt  commoncos  about  the  eighth  week  of  fcptiU 
life;  of  the  petrous  and  mastoid,  between  tho  flflii  and  sixtli  months;  of  tho  tjmpnnio 
ring,  a^JOut  the  third  month  ;  of  the  styloid  procegp,  nftor  puberty. 
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cannot  be  surprised  that  it  is  a  difficult  bone  to  understand. 
Fortunately,  it  bears  a  remarkable  resemblance  to  a  Ijat  with  ex- 
tended wings ;  so  that  we  can  shape  our  description  accordingly. 
It  presents,  then — 1.  A  body,  or  central  part;  2.  The  two  greater 
wings ;  3.  The  two  lesser  wings ;  4.  The  pterygoid  processes, 
which  make,  the  two  legs  of  the  bat. 

Body  and  its  Commencing  with  the  body,  we  must  examine 
FOUR  Stjbfaces.  its  four  surfacBs — a  '  superior,'  an  '  inferior,'  an 
'  anterior,'  and  a  '  posterior.' 

The  superior  surface  of  the  body  (Plate  XIII.  fig.  1 )  comprises 
what  is  seen  of  the  body  on  the  inside  of  the  base  of  the  skull. 
There  is  a  deep  depression  in  it,  termed  the  '  pituitary  fossa,'  for 
the  lodgment  of  a  gland  belonging  to  the  brain  (the  '  pituitary ' 
body).*  Another  name  given  to  it  is  the  '  sella  tiircica,'  from  its 
resemblance  to  a  Turkish  saddle.  In  front  of  it  is  an  eminence, 
termed  the  '  olivary  process,'  from  its  olive-like  shape.  There  is 
nothing  remarkable  in  this  process  except  that  it  supports  the 
commissure  of  the  optic  nerves,  which  make  a  slight  transverse 
groove  (the  '  optic  groove ')  upon  it,  leading  on  each  side  to  the 
'  optic  foramina '  through  which  they  enter  the  orbit.  In  front  of 
the  olivaiy  process  is  a  smooth  and  slightly  excavated  surface,  which 
supports  the  olfactory  nerves,  and  terminates  in  the  middle  line 
in  the  '  ethmoidal  spine,'  which  articulates  with  the  ethmoid  bone. 

Each  side  of  the  '  body '  is  more  or  less  distinctly  marked  by  a 
broad  groove  which  winds  upwards  in  a  gentle  curve,  and  lodges 
the  internal  carotid  artery  as  it  passes  through  the  'cavernous 
sinus '  after  entering  the  skulLf  The  pituitary  fossa  is  bounded 
behind  by  a  square  plate  of  bone,  which,  as  it  represents  the  back 
of  the  saddle,  is  termed  the  '  dorsum  selte.'    The  corners  of  this 

*  This  name  was  given  to  it  by  Galen,  wlio  thought  that  it  secreted  the  '  pituita,' 
or  mucus,  and  that  this  passed  down  into  the  throat  tlu-ough  the  small  foramina  which 
are  often  found  at  the  bottom  of  the  fossa  (De  usu  partium,  lib.  ix.  cap.  1).  Its  func- 
tions are  not  even  yet  understood  ;  it  is  generally  classed  as  a  '  ductless '  or  '  vascular 
gland,'  along  with  the  spleen  and  thyroid  body. 

t  Generally,  a  little  tubercle,  called  the  '  middle  clinoid  process,'  rises  from  the  side 
of  the  groove  to  keep  the  artery  in  its  place.  In  some  skulls  this  tubercle  is  long 
enough  to  unite  with  the  apex  of  the  anterior  clinoid  process,  so  that  the  artery,  in 
emerging  from  the  groove,  passes  through  a  ring  of  bone.  The  two  '  clinoid'  processes 
on  each  side  give  attachment  to  the  '  tentorium  cerebelli.' 
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plate  project  so  as  to  form  -what  are  called  the  '  posterior  clinoid 
processes,'— thus  named  from  their  resemblance  to  bed-posts. 
These  are  directly  opposite  to  the  '  anterior  clinoid  processes,'  of 
which  we  shall  speak  presently.  The  posterior  surface  of  the 
plate  slopes  very  obliquely  backwards,  is  continuous  with  the 
basilar  process  of  the  occipital  bone,  and  forms  an  inclined  plane 
for  the  support  of  the  '  pons  Varolii.'  Lastly,  the  sides  of  the  plate 
are  generally  notched  for  the  passage  of  the  sixth  pair  of  nerves. 

The  posterior  sm-face  of  the  body  is  immovably  connected  with 
the  basilar  process  of  the  occipital  bone,  in  young  subjects  by  carti- 
lage, in  adults  by  bone,  so  that  after  a  certain  age  it  is  impossible  to 
separate  the  ^basilar  suture '  without  the  saw.  The  section  shows 
well  the  structirre  of  this  part  of  the  base  of  the  skull ;  namely,  two 
plates  of  compact  bone  separated  by  about  ^  of  an  inch  of  can- 
cellous tissue  or  '  diploe.'  Thus  the  bone  is  rendered  lighter,  and 
shocks  transmitted  to  the  base  of  the  skull  are  broken.  (Plate  VII.) 

The  anterior  surface  of  the  body  (Plate  XIII.  fig.  2)  is 
adapted  to  fit  the  posterior  part  of  the  ethmoid  bone.  It  presents 
in  the  middle  line  a  perpendicular  plate  of  bone  termed  the 
'  rostrum.'  This  forms  part  of  the  bony  septum  of  the  nose,  and  is 
connected  in  front  with  the  perpendicular  plate  of  the  ethmoid 
bone,  and  below  with  the  vomer ;  as  may  be  seen  in  Plate  XX. 
fig.  1.  The  surface  of  bone  on  each  side  of  the  rostrum  is  com- 
CoExuA  Sphe-  pleted  by  two  plates  of  bone,  one  on  each  side 
soiDALiA.  termed  the  '  cornua  spkenoidalia '  or  '  sphenoidal 

turbmated  bones.'     Although  apparently  integi-al  parts  of  the 
sphenoid,  yet  these  little  bones  are  formed  each  from  a  special 
centre  of  ossification,  are  distinct  in  early  life,        j.-^^  jg 
and  remain  separable  till  adult  age.    The  an- 
nexed woodcut  (fig.  15)  shows   the  'cornua 
aphenoidalia '  removed  in  a  perfect  state.  The 
r'^rum  of  the  sphenoid  would  fit  into  the  gap 
between  them.    Each  comu  is  triangular  with 
the  apex  downwards.    Each  completely  walls 
m  the  sphenoidal  cell  of  its  own  side,  except  at  cohnua  sphenoidalu. 
the  upp^^r  part,  where  there  is  a  round  opening  in  the  base 
of  the  cornu  for  the  admission  of  air  from  the  upper  meatus  of  the 


80 


SPHENOID  BONE. 


nose.    Fig.  16  repreisents  one  of  the  cornua  seen  from  the  surface 
Flo  10     towards  the  sphenoidal  cell.    It  shows  the  thin  scales 
of  bone  which  project  into  the  cell  and  assist  in  lining 
its  walls.    However,  it  is  right  to  state  that  these 
cornua  sphenoidalia  are  rarely  met  with  perfect.  In 
consequence  of  their  coalescence  with  the  sphenoid, 
ethmoid,  and  palate  hones,  they  are  generally  broken  in 
separating  the  bones,  so  that  there  appears  in  most 
sphenoid  bones  a  large  irregular  hole  leading  into  the  cell ;  as 
shown  on  one  side  of  Plate  XIII.  fig.  2. 

Sphenoidal  We  come  next  to   the  '  sphenoidal  cells '  or 

Cells  oe  Sotosbs.  sinuses.  These  are  large  air  cavities  in  the  body 
of  the  sphenoid,  generally  two  in  number,  and  separated  by 
a  more  or  less  complete  perpendicular  partition.  (Plate  XX. 
figs.  1  and  2.)  Like  the  other  air-cells  in  the  bones  of  the  skull, 
they  are  not  developed  in  young  subjects ;  but  in  the  adult 
they  gradually  become  large  enough  to  excavate  the  whole 
body  of  the  bone.*  The  air  is  admitted  freely  into  them  from 
the  upper  meatus  of  the  nose  through  an  opening  in  the  front  wall 
of  each  sinus ;  and  they  are  lined  with  a  prolongation  from  the 
nasal  mucous  membrane.  This  communication  of  the  sphenoidal 
cells  with  the  nasal  cavities  explains  how  bleeding  from  the  nose 
may  occur  as  a  symptom  of  fracture  through  the  base  of  the  skull, 
— that  is,  through  the  body  of  the  sphenoid. 

Lastly,  the  sides  of  the  anterior  surface  of  the  body  are  hollowed 
out  into  two  or  three  small  air-cells,  one  below  the  other.  (Plate 
XIII.  fig.  2.)  Of  these,  the  upper,  one  or  more,  are  roofed  in  by 
corresponding  cells  of  the  ethmoid  bone;  and  the  lower  by  a 
corresponding  cell  in  the  orbital  process  of  the  palate  bone. 

The  inferior  surface  of  the  body  (Plate  XIV.  fig.  1)  assists  in 
forming  the  roof  of  the  nasal  fossae  ;  and  the  posterior  part  of  this 
surface,  continuous  with  the  basilar  process  of  the  occipital  bone, 
looks  towards  the  upper  part  of  the  throat,  and  may  therefore  be 
called  the  '  guttural '  surface.    A  portion  of  the  vertical  plate  or 

*  In  old  skulls  the  cells  often  extend  into  part  of  the  basilar  process  of  the 
occipital  bone.  In  the  chimpanzee  the  spl;enoidal  cells  extend  far  into  the  alisphe- 
noid  and  pterygoid  bones. 
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'  rostrum '  is  seen  here  also ;  and  you  observe  that  it  expands  a 
little  towards  its  base.    Now  it  is  this  lower  part  of  the  rostrum 
which  is  connected  with  the  vomer,  and  the  mode  of  connection  is 
rather  singular.    The  rostrum  fits  into  a  "deep  cleft  between  the 
two  plates  or  '  wings '  of  the  vomer,  and  thus  serves  as  a  fulcrum 
from  which  this  bone  may  pass  forwards  to  form  the  septum  of 
the  nose.    But  the  chief  thing  to  notice  on  this  surface  is  a 
process  or  scale  of  bone  which  projects  horizontally  inwards,  on 
each  side,  from  the  base  of  the  internal  pterygoid  plate.  These 
are  termed  the  '  vaginal  processes,'  and  their  free  edges  rise  just 
enough  to  allow  the  edges  of  the  vomer  to  slide  beneath  them. 
This  is  another  contrivance  for  fixing  the  vomer.    Lastly,  these 
plates  are  each  traversed  by  a  small  groove,  or  perhaps  a  complete 
canal,  termed  the  '  pterygo-palatine  canal,'  for  the  transmission  of 
the  pterygo-palatine  artery,*  and  a  posterior  branch  (the  pharyngeal 
nerve)  from  Meckel's  ganglion. 

So  much  for  the  anterior,  posterior,  superior,  and  inferior  sur- 
faces of  the  body  of  the  sphenoid.  All  that  we  have  to  remark 
concerning  the  'sides'  of  the  body  is,  that  they  are  grooved  for 
the  carotid  artery,  and  that  the  smooth  plate  of  the  body  in  front 
of  the  sphenoidal  fissure  contributes  to  form  a  part  of  the  inner 
wall  of  the  orbit.    (Plate  XXVI.) 

Lesshe  Wings.  ^^gs  (processes  of  Ingrassias  or 

orbito-sphenoids)  project   transversely  from  the 
upper  part  of  each  side  of  the  body.   (Plate  XIII.  fig.  l.)  Their 
upper  smrface  is  smooth  and  flat,  to  support  the  anterior  lobes  of 
thebram;  their  lower  surface  overhangs  the  sphenoidal  fissure 
and  forms  the  Ixick  part  of  the  roof  of  the  orbit :  hence  they  are 
sometimes  called  the  '  orbital  wings.'    Their  anterior  margins  are 
fierrated  and  articulate  with  the  orbital  plates  of  the  frontal  bone  ; 
their  posterior  margins  are  free,  and  in  life  fit  into  the  great 
fissure  (of  Sylvius)  between  the  anterior  and  middle  lobes  of  the 
cerebrum.    Their  base  is  traversed  by  the  '  foramen  opticum,'  for 
the  pa.-9age  of  the  optic  nerve  and  ophthalmic  artery  into'  the 
orbit.    Tins  foramen  should  be  described  rather  as  a  short  canal 

*  Thw  is  a  branch  of  the  internal  maxillary,  and  runs  from  l,nf,,>.n  i .  i  i 
«nppl7  the  top  of  the  pharynx  and  the  YmL  tube 
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directed  outwards  and  forwards.  Towards  the  '  sella  Turcica '  each 
wing  projects  considerably  in  the  form  of  a  blunt  angle,  termed 
the  '  anterior  clinoid  process  ; '  and  between  this  and  the  body  of 
the  sphenoid  there  is  either  a  deep  notch  or  a  complete  ring  for 
the  internal  carotid  artery. 

Gbbatbb  The  'greater  wings,'  sometimes   called  the 

Wings.  'temporal'  (or  alisphenoids),  project  from  the 

lower  part  of  each  side  of  the  body.  They  present  three  surfaces, 
which  respectively  enter  into  the  formation  of  the  base  of  the 
cranium,  the  orbit,  and  the  temple.  Their  '  cerebral  surface '  is 
concave,  and  marked  by  the  convolutions  of  the  middle  lobe  of  the 
brain.  Their  '  orbital  surface '  is  a  smooth  quadrilateral  plate 
which  forms  more  than  half  of  the  outer  wall  of  the  orbit.  (Plate 
XVIII.  fig.  2.)  Of  the  four  borders  of  this  plate,  notice  that  the 
superior  is  connected  with  the  frontal  bone,  and  the  anterior  with 
the  malar  bone ;  while  the  posterior  and  the  inferior  borders  re- 
spectively enter  into  the  formation  of  the  'sphenoidal '  and  '  spheno- 
maxillary '  iissm-es.  Their  '  temporal  surface '  is  divided  into  two 
imequal  parts  by  a  transverse  '  crest '  of  bone  ;  of  these,  the  upper 
and  larger  one  forms  part  of  the  temporal  fossa,  and  gives  origin 
to  part  of  the  temporal  muscle  :  the  lower  one,  which  is  more 
horizontal,  forms  part  of  the  zygomatic  fossa,  and  gives  origin  to 
one  head  of  the  '  pterygoideus  externus.'  The  posterior  angle 
of  the  great  wing  terminates  in  a  sharp  process  termed  the 
'  spinous  process,'  which  fits  in  the  angle  between  the  squamous  and 
petrous  portions  of  the  temporal  bone,  and  gives  attachment  to  the 
internal  lateral  ligament  of  the  lower  jaw,  as  well  as  origin  to  the 
'  lasator  tympani.' 

Sphenoidal  The  greater  wings  are  separated  from  the  lesser 

PissuBE.  by  a  broad  and  long  fissure,  termed  the '  sphenoidal 

fissure,'  which  leads  from  the  base  of  the  skull  into  the  orbit,  and 
transmits  nerves  to  the  eye  and  its  appendages.*  Immediately 
below  the  inner  end  of  this  fissure  is  the  'foramen  rotundum,' 

*  The  sphenoidal  fissure,  sometimes  called  tho  'orbital,'  or,  again,  the  'foramen 
lacerum  hasis  cranii  antorius,'  gives  passage  to  the  third  and  fourth  nerves,  to  tho  first 
or  ophthalmic  brancli  of  the  fifth,  the  sixth,  a  few  filaments  of  tho  sympathetic  nerve, 
and  also  to  the  ophthalmic  vein. 
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which  transmits  the  superior  maxillary  nerve.  Farther  back  and 
more  external  is  the  '  foramen  ovale,'  whicli  transmits  the  inferior 
maxiDary  nerve,  the  lesser  petrosal  nerve,  and  the  small  meningeal 
branch  of  the  internal  maxiUary  artery.  Near  the  spinous  process 
is  the  'foramen  spinosum,'  through  which  the  'arteria  meningea 
media '  enters  the  skull.* 

Ptekygoid  The  '  pterygoid  processes '  descend  nearly  per- 

Proce:>ses.  pendicularly  from  the  under  part  of  the  bone,— 

one  on  either  side.    These  remarkable  processes  answer  three  pur- 
poses:—!. Theii-  internal  plates  bound  the  posterior  openings  of 
the  nose ;  2.  They  act  as  buttresses  to  support  the  upper  jaw- 
bones ;  3.  They  give  origin  to  the  powerful  pterygoid  muscles 
which  produce  the  grinding  movements  of  the  lower  jaw  required 
for  the  mastication  of  the  food.    Each  process  consists  of  two 
plates,  termed  respectively  the  '  external  and  internal  pterygoid 
plates.'    These  are  united  in  front,  but  diverge  from  each  other 
behmd,  so  as  to  leave  a  deep  interval,  called  the  'pterygoid  fossa  ' 
chiefly  for  the  origin  of  the  '  pterygoideus  internus.'  Immediately 
above  this  is  a  smaller  fossa,  termed,  from  its  resemblance  to  a 
boat,  the  'scaphoid  fossa,'  for  the  origin  of  the  'tensor  palati' 
muscle.  (Plate  XIV.  fig.  1.)  At  its  lower  part  the  pterygoid  fossa 
presents  a  deep  notch,  which  in  the  perfect  skuU  is  filled  up  by 
the  tuberosity  of  the  palate  bone.   Eespecting  the  m^ernaZ  pte- 
rygoid plate,  we  observe  that  it  forms  the  lateral  and  part  of 
the  superior  boundary  of  the  posterior  opening  of  the  nose  ;  that 
It  has  a  crescent-shaped  margin  above,  to  make  room  for  the 
cartilage  of  the  Eustachian  tube;  and  that,  below,  it  terminates 
in  a  pointed  hook,  termed  the  'bamular  process,'  which  makes  a 
beautiful  pulley,  romid  which  the  tendon  of  the  tensor  palati  plays 
There  is  nothing  to  remark  about  the  external  pterygoid  plate 
except  that  it  is  broader  than  the  internal,  and  that  its  outer  sur' 
face  forms  the  floor  of  the  zygomatic  fo.sa,  and  gives  origin  to  the 
pterygoideus  externus.'  Lastly,  at  the  base  of  the  pterygoid  pro- 

•  Besides  the  foramina  in  tho  greater  wing  deacribed  in  .  lio  text,  there  is  oft.,  n 
(near  the  outer  edge  of  the  sphenoidal  fissure)  which  leads  into  ih.oZSZ 

o  S 
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cesses,  a  long  canal,  the  '  pterygoid '  or  '  Vidian,'  runs  from  before 
backwards  through  the  substance  of  the  bone,  and  transmits  the 
'  Vidian '  *  ('  great  petrosal ')  nerve  and  artery. 

Look  now  at  the  anterior  aspect  of  the  pterygoid  processes,  and 
observe,  on  each  side,  a  plate  of  bone,  standing  off  like  a  side 
buttress  to  connect  them  with  the  greater  wing.  The  plane  of 
this  plate  forms  a  smooth  surface,  termed  the  '  spheno-maxillary,' 
and  nearly  corresponds  in  direction  with  that  of  the  '  orbital  sur- 
face '  of  the  greater  wing.  (Plate  XIII.  fig.  1.)  We  draw  special 
attention  to  this  plate,  and  give  it  a  special  name,  because  it  con- 
stitutes the  posterior  wall  of  a  deep  and  important  fossa,  termed 
the  'spheno-maxillary,'  which,  in  the  perfect  skull,  intervenes 
between  the  sphenoid  and  superior  maxillary  bones. 

Connections  OF  The  sphenoid  is  connected  with  twelve  bones, 
THB  Sphenoid.  including  all  those  of  the  cranium  and  five  of  the 
face.  The  '  body  '  is  connected  behind  with  the  occipital  bone  by 
the  basilar  sutui-e ;  in  front  with  the  ethmoid  bone,  the  two  palate 
bones,  and  the  vomer.  The  'lesser  wing'  is  connected  to  the 
orbital  plate  of  the  frontal  bone  :  the  '  greater  wing '  is  connected 
to  the  orbital  plate  of  the  frontal  by  a  rugged  surface  of  consider- 
able extent,  to  the  anterior  inferior  angle  of  the  parietal  bone,  to 
the  squamous  and  petrous  parts  of  the  temporal  bone ;  and  to  the 
malar  bone.  Lastly,  the  pterygoid  processes  are  connected  with 
the  palate  bones.t 

In  the  early  foetus  the  sphenoid  bone  is  divided 
FROM  FouBTEEN  into  sevcral  parts.  The  posterior  part  of  the  body, 
cBNTEEs.  termed  by  scientific  anatomists  the  '  basisphenoid ' 

or  '  post-sphenoid,'  is  ossified  from  two  centres,  placed  side  by  side 
in  the  seUa  Turcica.  Later  on  another  pair  of  centres  (one  on 
each  side  of  the  former)  appear,  making  in  all  four-  for  the  basi- 
sphenoid part. 

The  greater  wings,  termed  '  alisphenoids,'  have  each  a  distinct 
centre,  from  which  the  external  pterygoid  plates  are  also  ossified. 

*  Vidus  Vidius  was  a  professor  at  Paris,  and  physician  to  Fran9ois  I«^ 
t  In  some  skulls,  in  which  the  malar  bone  does  not  enter  into  the  composition  of 
the  spheno-maxillary  fissure,  the  sphenoid  meets  the  superior  maxillary  bone.  In 
such  exceptional  skuUs  the  sphenoid  would  be  connected  with  seven  bones  of  the  face. 
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The  front  part  of  the  body,  termed  '  presphenoid,'  has  two 
centres  of  its  own  ;  its  lesser  Avings  (orbito-sphenoids)  each  have 
one  ossific  nucleus. 

Lastly,  the  internal  pterygoid  plates  and  the  sphenoidal  turbi- 
nated bones  have  each  their  separate  nucleus  of  ossification.  The 
bone  then  as  a  whole  has  fourteen  centres  of  ossification. 

As  the  preceding  description  may  appear  a  little  confusing  to 
a  beginner,  the  following  plan  will  explain  it  better,  and  at  the 
same  time  refresh  the  memory  on  the  chief  elements  of  the  entire 
bone.* 


Plan  of  the  Ossific  Centres  of  the  Sphenoid  Bone. 

CoRNU  Sphenoidale  Cornu  Sphenoidale 

{Sphenoidal  turbiTiated).     (Sphenoidal  turbinated). 
1  1 

Lesser  Wing         Front  of  Body         Lesser  Win& 
(Orbito-sphenoid).      (Presphenoid).  (Orbito-sphenoid). 
1  11  1 

Back  of  Body 
(Basisphenoid). 
2  2 


Greater  Wing 
(Alisphenoid) 
and  external  pterygoid  plate. 
1 

Lnternal  Pterygoid  Plate 
{Pterygoid). 
1 


Greater  Wing 
(Alisphenoid) 
and  external  pterygoid  plate. 
1 

Internal  Pterygoid  Plate 
(Ptei'ygoid). 
1 


*  The  comna  Bphenoidalia  begin  to  ossify  about  the  time  of  birth,  and  do  not  unite 
to  the  body  of  the  bone  till  the  age  of  puberty.  The  internal  pterygoid  plates  are 
dereloped  from  membrane,  and  begin  to  ossify  about  the  fourth  month.  For  full  in- 
ffjrmafion  on  the  development  of  the  sphenoid  bone,  see  Meckel's  'Arcliiv,'  B.  1  and 
Qnain's 'Anatomy,' 8th  edition,  ' 
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THE    ETHMOID  BONE. 
(Plate  XIV.  figs.  2  and  3.) 

Constituent  This  remarkably  light  and  spongy  bone  con- 

Pabts.  tains  the  organ  of  smell.    It  occupies  the  interval 

between  the  orbital  plates  of  the  frontal  bone,  and  enters  into 
the  formation  of  the  cranium,  the  orbit,  and  the  nose.  It  ap- 
pears, at  first  sight,  complicated;  but  it  is  simple  when  one 
understands  the  plan  of  it.  It  consists  of  a  horizontal  plate, 
which  forms  part  of  the  base  of  the  skull ;  of  a  central  perpen- 
dicular plate  which  forms  part  of  the  septum  of  the  nose ;  and  of 
two  '  lateral  masses '  containing  the  air-cells.  Each  of  these  must 
be  examined  separately. 

-o^  The  horizontal  plate  fits  into  the  '  notch '  be- 

Horizontai,  OB  " 

Cbibeifoem  tween  the  orbital  plates  of  the  frontal  bone ;  and 

Plate.  completes  the  anterior  fossa  of  the  base  of  the 

skull.  (Plate  XXIII.)  It  is  called  the '  cribriform  plate'  {cribrum, 
TjOfMos,  a  sieve),  because  it  is  perforated  by  holes  for  the  passage 
of  the  olfactory  nerves.  High  above  it  rises  a  crest  of  bone, 
termed,  from  its  resemblance  to  a  cock's  comb,  the  '  crista  galli.' 
This,  which  is  a  continuation  of  the  perpendicular  plate,  gradually 
rises  sharply  from  behind,  swells  out  as  it  proceeds,  and  stopping 
suddenly  short,  presents  a  broken  smface  which  is  connected  to  the 
frontal  bone.*  The  cribriform  plate,  observe,  does  not  come  up  to 
the  level  of  the  lateral  masses,  but  lies  at  the  bottom  of  a  deep 
groove  ('olfactory  groove'),  which,  being  divided  by  the  crista 
galli  in  the  middle,  forms  in  the  perfect  skull  two  recesses 
adapted  for  the  lodgment  and  support  of  the  olfactory  lobes 
of  the  brain.  The  foramina  at  the  bottom  are  arranged  on  each 
side  in  three  somewhat  irregular  rows,— an  outer,  an  inner,  and  a 
middle.  Pass  bristles  down  these  holes,  and  you  will  find  that  the 
inner  and  the  outer  rows  lead  respectively  to  the  '  olfactory  canals ' 
on  the  perpendicular  plate  and  the  upper  spongy  bones  ;  while  the 

*  The  'crista  galli'  serves  for  the  attachment  of  the  -falx  cerebri.'  It  varies  in 
size,  and  has  often  a  slight  lateral  inclination.  Sometimes  it  contains  an  air-cell  in 
its  interior. 
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Plate. 


middle  holes  nm  simply  thi-oiigh  the  cribriform  plate  *  (Plate  XX. 
figs.  1  and  2).    Close  to  the  '  crista  galli '  is  a  long  '  slit,'  rather 
than  a  hole,  which  gives  passage,  not  to  one  of  the  olfactory  nerves, 
but  to  the  'nasal  nerve'  (a  branch  of  the  first  division  of  the  fifth 
pair),  which  confers  common  sensation  upon  the  mucous  mem- 
brane as  well  as  the  skin  of  the  nose. 
Peependicdi^       The  perpendicular  plate  descends  from  the 
cribriform  plate  and  assists  in  forming  the  septum 
of  the  nose.    Notice  the  numerous  grooves  and  canals  on  its  sur- 
face, for  the  passage  of  the  olfactory  nerves.    Its  connections  are 
weU  shown  in  Plate  XX.  fig.  1.    Behind,  it  is  connected  along  a 
sloping  Une  with  the  'rostrum'  of  the  sphenoid  and  the  vomer: 
m  front,  it  is  connected  with  the  nasal  spine  of  the  frontal  and 
the  crest  of  the  two  nasal  bones,  of  which  it  mainly  serves  to 
support  the  arch.    The  triangular  gap  in  the  septum  in  the  dry 
skull  is  filled  up,  in  the  recent  state,  by  the  central  cartilage  of 
the  nose. 

Lateral  The  '  lateral  masses '  of  the  ethmoid  (fig.  17) 

are  made  up  of  irregular  air-cells,  surrounded  by 
paper-like  walls  of  bone,  lined  by  the  nasal  mucous  membrane. 
The  cells  are  divided  into 
two  sets, — an  anterior  and  a 
posterior;  and  the  cells  of 
one  set  do  not  communicate 
with  those  of  the  other.  In 
the  separated  bone  many  of 
the  cells  are  necessarily 
broken,  because  their  walls, 
in  the  perfect  skull,  are 
completed  by  the  adjoining 
bones.  Thus,  the  front  cells 
on  the  upper  surface  are 
roofed  in  by  corresponding 
cells  in  the  orbital  plate  of 

*  These  three  towh  of  holes  correspond  to  the  thrno  sots  of  olfnnfnr. 


Fig.  17. 
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the  frontal ;  those  at  the  back  of  the  bone  are  closed  by  the  body 
of  the  sphenoid  and  the  orbital  process  of  the  palate  bone ;  those 
in  front  of  the  bone  are  walled  in  by  the  lachrymal ;  those  below, 
by  the  superior  maxillary  bone.  On  the  outer  side  of  each  lateral 
mass  the  cells  are  closed  by  a  smooth  and  square  plate  of  bone, 
termed  the  '  os  planum,'  belonging  entirely  to  the  ethmoid.  This 
forms  a  large  share  of  the  inner  wall  of  the  orbit  (Plate  XXVI.), 
where  it  is  easy  to  learn  its  connections  with  the  surrounding  bones, 
by  tracing  the  sutures  between  them.  Lastly,  notice  the  two 
notches  on  its  upper  border,  which  contribute,  with  the  frontal,  to 
form  the  '  anterior  and  posterior  ethmoidal  (or  orbital)  foramina.'  * 
TuaBiNATED  On  the  inner  aspect  of  the  lateral  mass  we 

Bones  and  observe  two  thin  plates  of  bone  standing  out,  one 

Meatus.  below  the  other,  and  slightly  curled,  like  a  turbi- 

nated shell.  These  are  the  '  turbinated  '  or  '  spongy '  bones  of  the 
ethmoid  (Plate  XIV.  fig.  3),  and  can  be  properly  seen  only  in  a 
divided  skull.  The  '  superior '  is  the  smaller  of  the  two,  and  does 
not  reach  so  far  forward  as  the  other,  which  is  called  the  '  middle,' 
because  there  is  a  third  or  '  inferior  tm-binated '  bone,  still  lower 
down  in  the  nose ;  but  this  does  not  belong  to  the  ethmoid.  Now 
the  spaces  left  between  these  tm-binated  bones  and  the  lateral 
masses  are  called  respectively  the  superior  and  middle  '  meatus,'  or 
passages  of  the  nose.  Each  is  distinct  from  the  other,  and  leads  to 
its  own  particular  cavities,  and  to  no  other.  The  superior  meatus, 
being  farther  back  than  the  middle,  leads  into  the  'sphenoidal 
sinus,'  and  into  the  '  posterior  ethmoidal  cells.'  The  middle 
meatus  leads  into  the  '  anterior  ethmoidal  cells,'  and  also  to  the 
frontal  ceUs,  along  a  funnel-shaped  canal  (termed  the  'infundi- 
bulum ')  which  traverses  the  foremost  of  the  ethmoidal.  (Plate 
XX.  fig.  2.) 

The  chief  use  of  the  turbinated  bones  is  to  afford  additional 
surface  for  the  subdivisions  of  the  olfactory  nerves  :  for  this  pur- 
pose they  are  studded  with  grooves  and  canals,  through  which  the 
nerves  come  down  from  the  cribriform  plate  and  spread  out  upon 
the  mucous  membrane.    In  man,  the  arrangement  of  these  bones 

*  The  'anterior'  transmits  the  nasal  nerve  and  the  anterior  ethmoidal  vessels ;  the 
'posterior'  gives  passage  to  the  posterior  ethmoidal  vessels. 
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is  very  simple ;  they  make  only  a  single  curve.  But  in  animals 
remarkable  for  their  sense  of  smell,  these  turbinated  bones  make 
rolls  within  rolls  ;  or,  as  in  the  seal,  they  subdivide  into  a  multi- 
tude of  plates,  like  the  separated  leaves  of  a  book,  in  order  to 
afford  a  vast  surface  for  the  application  of  the  olfactory  membrane 
— a  surface  which  has  been  calculated  to  be  not  less  than  120 
square  inches  in  each  nostril. 

Unciform  Lastly,  from  the  anterior  part  of  each  lateral 

PsocEss.  mass  an  irregular  plate  of  bone  descends  almost 

perpendicularly,  and  terminates  in  a  kind  of  hook ;  hence  it  is 
called  the  '  unciform  *  process  '  (Plate  XIV.  fig.  3).  By  referring 
to  Plate  XX.  fig.  2,  it  is  seen  that  this  process  is  connected  with 
the  inferior  spongy  bone,  and  with  the  thin  walls  of  the  '  antrum' 
of  the  superior  maxillary  bone ;  its  chief  purpose  being  to  assist 
in  narrowing  the  orifice  of  this  great  air-cavity. 

The  ethmoid  is  connected  with  thirteen  bones, 

(Jo2«rBcnoxs. 

namely, — behind,  with  the  sphenoid  and  two 
palate  bones ;  above,  with  the  frontal ;  below,  with  the  two  superior 
maxillary ;  in  front,  with  the  two  lachrymal  bones.  The  perpen- 
dicular plate  is  connected  behind  'with  the  vomer,  and  in  front 
with  the  two  nasal  bones.  Lastly,  the  unciform  process  on  each 
side  is  connected  with  the  inferior  spongy  bone  and  the  superior 
maxillary. 

^  Until  the  middle  of  foetal  life  the  ethmoid  is 

Uevelopmrtt. 

all  cartilage.  Ossification  begins  about  the  fifth 
month,  by  a  centre  for  each  of  the  lateral  parts,  and  gradually 
extends  into  the  two  upper  turbinated  bones  (ethmo-turbinals). 
Within  a  year  after  birth  another  centre  appears  for  the  perpen- 
dicular and  cribriform  plates  (mesethmoid).  An  an-est  in  the 
progressive  ossification  of  the  perpendicular  plate  occasions  a  '  pug- 
nose.'  In  the  foetus  at  birth  there  are  no  ethmoid  cells  ;  these  are 
not  formed  till  the  fourth  or  fifth  year. 

•  The  'unciform  process'  is  almost  ill  ways  broken  in  taking  the  skull  to  pieces; 
'•mt  it  is  evident  enough  in  a  good  section  of  the  nasal  cavities. 
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There  are  fourteen  bones  of  the  face ;  namely,  the  two  superior 
maxillary,  the  two  malar,  the  two  nasal,  the  two  lachrymal,  the  two 
inferior  spongy,  the  two  palate,  the  vomer,  and  the  inferior  maxilla. 


SUPEEIOR   MAXILLARY  BONE. 

(PiATB  XV.) 

Constituent  This  bone  gives  much  of  its  character  to  the 

Paets.  human  face,  and  forms  the  greater  part  of  its  frame- 

work. It  is  exceedingly  irregular  in  shape,  and,  besides  forming 
sockets  for  the  teeth,  enters  into  the  composition  of  the  nose,  the 
orbit,  the  cheek,  and  the  palate.  For  convenience  of  description,  we 
diAdde  it  into  a  '  body,'  which  is  hollowed  out  into  a  large  air-cavity, 
called  the  '  antrum,'  and  four  outstanding  '  processes  ;'  namely,  the 
'  alveolar,'  which  holds  the  teeth  ;  the  '  palatine,'  which  forms  part 
of  the  hard  palate ;  the  '  nasal,'  which  assists  in  forming  the  nose ; 
and  the  '  malar,'  which  helps  to  form  the  prominence  of  the  cheek. 

Body.  Wails  Let  us  take  the  'body'  first,  and  learn  its 
OF  THE  Anthxim.  varlous  relations  well,  for  it  is  a  part  of  great  sur- 
gical interest,  being  liable  to  many  diseases  requiring  surgical 
operations.  The  first  thing  to  observe  is,  that  the  walls  which 
bound  its  cavity  have  four  aspects :  one— namely,  the  front— looks 
towards  the  cheek  ;  another,  the  upper,  looks  towards  the  orbit ;  a 
third,  the  inner,  looks  towards  the  nose ;  and  a  fourth,  behind, 
looks  towards  the  zygomatic  fossa.  Therefore,  when  a  morbid 
growth  forms  in  the  antrum,  and  distends  it,  any  one  or  more  of 
these  walls  may  be  protruded.    They  are  all  very  thin,  the  orbital 
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especially ;  but  it  is  worth  remembering  that  they  are  thicker  in 
the  child  than  in  the  adult. 

Antrum.  a.v-  The  anterior,  wall  of  the  '  antrum'  is  that  which 
TEiuoE  AYaix.  jg  generally  removed  to  take  out  a  morbid  growth 
from  the  interior,  and  through  which  we  tap  the  antrum  to  let 
out  pus,  or  any  fluid  that  may  have  accumulated  there ;  cysts  in 
the  antriun  being  by  no  means  uncommon.  There  is  a  depres- 
sion in  it,  called  the  '  canine  fossa '  a  little  outside  the  eminence  of 
the  canine  tooth ;  and  above  this  is  the  '  infra-orbital  foramen,'  or 
termination  of  the  '  infra^orbital  canal,'  which  transmits  the 
'  infra-orbital '  nerve  and  artery.  The  canine  fossa  gives  origin  to 
the  'levator  anguli  oris.'  Above  the  infra-orbital  foramen  arises 
the  '  levator  labii  superioris,'  and  more  internally  the  '  compressor 
narium.' 

A-vTBUii.  Pos-  The  posterior  wall  of  the  antrum  is  convex,  and 
teeiobWaix.  ljuiggg  jjjj.^  ^.j^g  zygomatic  fossa.*  There  are 
several  smaU  holes  in  it,  leading  to  canals  ('  dental  canals ')  for  the 
transmission  of  the  posterior  dental  branches  of  the  superior 
maxillary  nerve,  and  the  superior  dental  branches  of  the  internal 
maxiUaiy  artery.  Lower  down  it  has  a  very  rough  surface,  just 
behind  the  wisdom  tooth,  called  the  '  tuberosity,'  by  which  it  is 
firmly  connected  to  the  palate  bone  ;  and  along  the  inner  edge  of  this 
surface  (fig.  2)  is  a  groove,  which,  with  the  perpendicular  plate  of 
the  palate  bone,  forms  the  '  posterior  palatine  canal,'  for  the  passage 
of  the  descending  palatine  nerve  and  artery. 

AxTETTM.  SuPE-  The  superior  wall  or  roof  of  the  antrum  slopes 
moH  Wall.  downwards  and  outwards,  and  forms  the  floor  of  the 

orbit.  Like  the  other  walls  of  the  antrum,  it  is  thin  enough  to  be 
translucent.  Notice  here  the  '  infra-orbital  canal,'  for  the  passage 
of  the  superior  maxillary  nerve.  It  commences  behind  as  a  groove, 
bxit  soon  becomes  a  canal,  which  terminates  on  the  front  wall  of 
the  antrum,  just  Ijelow  the  edge  of  the  orbit.  A  little  before  its 
termination,  the  main  canal  gives  off  one  or  sometimes  two  smaller 
ones,  not  always  visible,  termed  the  '  anterior  dental  canals.'  These 

th/^?*""^'"  P'  *  '^"'^ ''"'"O"^.  originating  in 
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run  down  in  the  very  substance  of  the  front  wall  of  the  antrum, 
to  transmit  blood-vessels  and  nerves  to  the  two  incisor,  the 
canine,  and  the  first  bicuspid  teeth.  To  see  these  canals  it  is 
necessaiy  to  introduce  a  bristle  as  a  guide,  and  then  to  rasp  away 
the  front  wall  of  the  bone.  Near  the  lachrymal  groove  may 
sometimes  be  seen  a  small  depression,  indicating  the  spot  where 
the  '  inferior  oblique  '  muscle  of  the  eye  arises.  This  is  the  only 
muscle  of  the  orbit  which  takes  origin  from  the  front ;  all  the 
others  arise  from  the  back  part,  around  the  optic  foramen. 
In  the  perfect  skull  (Plate  XVIII.)  observe  that  the  upper  wall  or 
'  orbital  plate '  of  the  antrum  is  connected  on  its  inner  side  with 
the  lachrymal,  ethmoid,  and  palate  bones ;  but  that  on  its  outer 
side  it  forms  one  of  the  margins  of  the  '  spheno-maxillary  fissm-e,' 
at  the  back  of  the  orbit. 

Antbum.  In-  On  the  inner  or  '  nasal  wall '  of  the  antrum,  the 
TBESAL  Wall.       ^^.^^  ^^^^^^      ^j^^  ^^^^^^  antrum 

Oblfice  of  ° 

Antbum.  itself.   (Plate  XV.  fig.  2.)    In  the  separate  bone, 

this  orifice  is  very  irregular,  and  large  enough  to  admit  the  end  of 
a  finger  ;*  but  in  the  perfect  skull  (Plate  XXVI.)  it  is  very  much 
closed  in  by  thin  plates  from  the  ethmoid,  the  palate,  and  the 
inferior  spongy  bones.  In  the  recent  state,  indeed,  the  orifice  is 
generally  so  contracted  by  a  fold  of  the  mucous  membrane  of  the 
nose,  that  it  wiU  only  just  admit  the  passage  of  a  crow-quill. 
Observe,  moreover,  that  the  orifice  is  not  near  the  bottom  of  the 
antrum,  but  very  high  up  :  the  consequence  of  this  is,  that  when 
fluid  collects  in  the  antrum  it  cannot  run  out  imtil  the  antrum  is 
nearly  full,  or  until  the  head  is  inclined  horizontally  with  the 
opposite  cheek  downwards. 

Antbum,  So  much  for  the  four  walls  of  the  antrum.  Now, 

Cavity  of.  study  the  size  and  form  of  the  cavity  itself.  The 

'  maxillary  sinus,'  or  '  antrum  of  Highmore,'  f  is  by  far  the  largest 
of  the  air-cells  in  the  bones  of  the  head.  It  is  lined  by  nasal 
mucous  membrane,  and  is  large  enough  to  hold  a  musket-ball 

*  Sometimes  there  are  two  openings,  separated  by  the  thin  plate  (unciform  process) 
which  descends  from  the  ethmoid  bone. 

t  Nathaniel  Highmore  was  an  English  anatomist,  born  1613,  died  1684,  who  wi-ote 
mueh  about  the  diseases  of  the  antrum.  He  did  not  discover  the  antrum.  It  was 
known  to  Galen  as  the  '  Sinus  maxillaris.' 


SUPERIOR  MAXILLARY  BONE. 


93 


with  ease.  Mr.  Guthrie  *  says  he  has  known  a  ball  lodged  in  the 
antrum  for  months,  and  even  for  years,  before  it  was  removed. 
Mr.  Jarjavay  t  speaks  of  a  ball  having-  lodged  for  eleven  years  in 
the  antriun,  and  having  finally  made  its  way  out  through  the  roof 
of  the  mouth.  However,  it  varies  in  size,  and  somewhat  in  shape, 
in  different  persons  ;  but,  as  a  rule,  it  has  the  form  of  a  triangular 
pyi-amid,  with  the  base  towards  the  nose,  and  the  apex  towards 
the  malar  bone.  Thin  plates  of  bone  often  project  into  the  antrum, 
making  a  kind  of  recess  or  pocket  here  and  there  and  the  fangs 
of  one  or  more  of  the  molar  teeth  generally  project  into  it,  either 
quite  bare,  or  covered  by  a  tMn  scale  of  bone.  Hence  the  practice, 
adopted  by  some  surgeons,  of  drawing  one  of  these  teeth,  say  the 
first  or  second  molar,  to  let  out  matter  from  the  antrum.  Again, 
the  fangs  of  decayed  or  otherwise  injured  molar  teeth  are  liable  to 
set  up  disease  in  the  antrum ;  and  this  is  the  explanation  com- 
monly given  why  morbid  growths  arise  in  the  antrum  more  fre- 
quently than  in  any  other  of  the  air-cavities  of  the  nose. 

The  following  case  gives  a  good  idea  of  the  extent  of  the 
antrum  :  —  '  A  lady  suffering  from  tooth- ache  submitted  to  the 
extraction  of  the  canine  tooth  of  the  upper  jaw,  with  which  a  por- 
tion of  the  alveolar  process  was  removed,  making  an  apertm-e  in 
the  antrum,  from  which  a  wateiy  fluid  constantly  issued.  The 
patient,  desirous  of  ascertaining  the  source  of  the  discharge,  took  a 
pen,  and  having  stripped  ofi"  the  barbs  from  the  feathered  part, 
found  that  the  whole  of  it,  full  six  inches  long,  could  be  introduced 
into  the  cavity.  At  this  she  was  greatly  terrified,  believing  it  must 
have  gone  into  the  brain.  She  consulted  Highmore,  who  explained 
to  her  that  the  pen  had  turned  spirally  within  the  sinus,  and  he, 
besides,  counselled  her  to  submit  with  patience  to  the  inconvenience 
of  the  discharge  from  the  cavity.'§ 

Ar,TKor,AK  Pro-  The  alveolar  process  is  a  thick  and  strong  ridge 
CT^  AKi,  Tketh.  of  jjone,  curved  so  as  to  form  with  that  of  the 
other  aide  the  elliptical  figure  of  the  dental  arch.  It  consists  of 
two  plates,  an  outer  and  an  inner,  connected  by  numerous  septa 

»  'Commentaries,'  p.  028.  f  'Anatomic  Chirurgicale.' 

X  See  a  ctiriou«  case  by  Catlin,  'Trans.  Odontolog.  Soc'  vol.  ii.  1867. 
§  Drake's  '  System  of  Anatomy,'  8vo.  1707. 


94 


SXJPEKIOE  MAXILLAEY  BONIl. 


which  form  the  sockets  (alveoli)  of  the  teeth.  The  inner  plate  is 
the  stronger  of  the  two,  therefore  in  drawing  a  tooth  care  should 
be  taken  to  incline  it  a  little  outwards.  The  outer  plate  is  marked 
by  eminences  corresponding  to  the  roots  of  the  teeth ;  the  emi- 
nence of  the  canine  tooth  being  especially  marked.  The  alveolar 
process  contains,  in  the  adiilt,  sockets  for  eight  teeth;  namely, 
two  '  incisors,'  one  '  canine,'  two  '  bicuspid  or  premolars,'  and  three 
'  molars.'    Thus  the  dental  formula  of  the  adult  human  skull  is — 

.2  +  2        1  +  1       2  +  2       3  +  3  „„ 

— %.  ,    c. — ■ — ,   p — — ,  m.  =  32. 

2  +  2'       1  +  1     -^2  +  2'       3  +  3 

In  the  child,  before  the  seventh  year,  there  are  only  five 
sockets. 

The  formula  for  the  '  milk  dentition '  is — 

.2  +  2       1  +  1       2  +  2 

^. — !— ,    c  m  H— =  20. 

2  +  2       1  +  1       2  +  2 

Sockets  of  the  The  Sockets  correspond  in  number  and  size  to 
T^*™-  the  fangs  of  the  teeth  they  receive.    They  vary 

in  depth  in  different  instances.  The  deepest  of  all  is  the  socket 
of  the  canine  tooth :  this  is  often  of  an  inch  in  depth  in  the 
dry  bone.  The  first  two  of  the  molars  of  the  ujDper  jaw  have 
generally  each  three  fangs,  and  as  many  sockets.  Of  these  fangs, 
two  are  external,  one  internal.  Irregularities  in  the  shape  and 
the  direction  of  the  fangs,  whether  diverging  too  much  or  con- 
verging, lead  to  unavoidable  evils  when  it  is  necessary  to  extract 
them.  Either  a  fang  breaks,  or  part  of  the  alveolus  must  be 
extracted  with  the  fang.  One  cannot  foresee  this.  Hence  it 
follows  that,  now  and  then,  even  the  most  skilful  operators  break 
teeth  or  extract  portions  of  bone.  At  the  bottom  of  each  socket 
is  a  minute  hole,  through  which  the  vessel  and  nerve  come  up  to 
the  fang ;  and  there  are  also  numerous  holes  in  the  bony  partitions 
between  the  sockets,  through  which  vessels  come  to  supply  the 
gmns  and  the  periosteum.  These  are  the  sources  of  the  bleeding 
after  the  extraction  of  a  tooth.  The  teeth  are  fixed,  not  only 
by  the  closely  fitting  socket,  but  also  by  the  very  vascular 
membrane,  the  periosteum,  which  lines  the  socket  and  adheres 
closely  to  the  fang.    This  periosteum  not  only  retains  the  teeth 
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in  their  place,  but  maintains  their  vitaHty,  and,  being  elastic, 
breaks  shocks  which  would  otherwise  be  communicated  to  the  jaws. 
When  the  dental  periosteum  inflames,  the  tooth  is  partly  lifted 
out  of  its  socket,  and  the  jaws  cannot  be  closed  without  pain.  If 
the  inflammation  goes  on  to  the  formation  of  matter,  the  perios- 
teum quits  its  hold  of  more  or  less  of  the  fang,  and  abscess  in  the 
socket  is  the  result.    The  matter  then  makes  its  way  out  by  the 
side  of  the  tooth,  or  through  a  small  hole  formed  by  ulceration  in 
the  alveolar  wall ;  and  a  gumboil  is  the  result.    In  the  dry  bones, 
most  of  the  teeth  fall  out,  because  the  periosteum  shrinks,  and  thus 
the  sockets  become  too  large. 

The  alveolar  process  gives  origin  to  two  muscles  (Plate  XV 
fig.  1),  namely,  to  the  'buccinator'  above  the  three  molar  teeth 
and  to  the  '  depressor  aljB  nasi '  above  the  incisor  teeth,  where 
there  is  a  Httle  depression,  termed  the  '  myrtiform  fossa.' 
Nasal  PfiocEss.  ^^^^^  process  ascends  nearly  perpendicu- 

larly, in  a  line  with  the  canine  tooth,  to  abut,  by 
means  of  a  very  rough  suture,  upon  the  internal  angular  process  of 
the  frontal  bone.  It  supports  the  true  nasal  bones,  and  contributes 
to  form  the  inner  margin  of  the  orbit.    The  principal  point  con- 
cerning the  nasal  process  is  the  deep  groove  which  runs  almost 
vertically  behind  its  orbital  margin.    It  is  called  the  'lachrymal 
groove.     In  the  perfect  skull  it  is  converted  into  a  complete  canal 
by  a  con-esponding  groove  in  the  lachrymal  bone  and  a  small 
portion  of  the  inferior  spongy  bone.    The  canal  thus  completed  is 
for  the  lodgment  of  the  'lachrymal  sac'  and  ' nasal  duct,'  which 
convey  the  tears  into  the  inferior  'meatus'  of  the  nose.    It  is 
about  the  size  of  a  common  goose-quill.    When,  from  inflam- 
ma  ion  or  other  cause-such  as  a  tmnour-the  canal  becomes 
obstructed,  the  tears  necessarily  flow  over  and  run  down  the  cheek 
To  obviate  this,  it  is  often  requisite  to  puncture  the  lachrymal  sac* 
and  introduce  a  style  into  the  canal.    Therefore  one  must  know 
wel  the  direction  of  the  canal.    It  runs  from  above  downward: 
and  with  a  slight  inclination  backwards.    On  the  outer  sur 
the  nasal  process  we  observe  the  prominent  ridge  which  forms  the 

ZZTT  ''''''    ^'^-^  to' the  'tend  0  uH' 

or  palpebrarum '  and  the  '  orbicularis  oculi.'    A  little  in  front  of 
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this  the  levator  labii  superioris  et  alas  nasi '  arises.  On  the  inner 
surface  we  observe  the  two  ridges  to  which  the  inferior  and  middle 
spongy  bones  are  attached,  and  also  the  smooth  surfaces  between 
the  ridges  which  respectively  form  part  of  the  inferior  and 
middle  'meatus'  of  the  nose.  Near  the  top  the  nasal  process 
often  closes  in  one  of  the  anterior  ethmoidal  cells.  In  front 
the  nasal  process  presents  a  sharp  crescent-shaped  margin,  which, 
with  the  similar  one  on  the  opposite  bone,  bounds  the  ante- 
rior opening  of  the  nose,  and  gives  attachment  to  the  lateral 
cartilage. 

Palatine  Peo-  The  palatine  process  extends  horizontally  in- 
wards,  to  form  the  anterior  two-thirds  of  the  hard 
palate,  and  the  floor  of  the  nose  ;  the  posterior  third  being  com- 
pleted by  the  palate  bone.  It  is  slightly  arched  from  before  back- 
wards and  is  thicker  in  front,  near  the  alveolus,  than  behind. 
On  the  palatine  sm-face  (Plate  XXIV.)  we  observe — 1,  the  palatine 
groove  for  the  descending  palatine  vessels  and  nerve  ;  2,  the  nume- 
rous foramina  which  transmit  vessels  into  the  bone ;  and  3,  the 
pits  made  by  the  palatine  glands.  On  the  upper  or  nasal  surface 
there  is  nothing  to  notice,  more  than  that  it  is  smooth  and  slightly 
concave.  By  adjusting  the  two  superior  maxillary  bones  together, 
you  find  that  the  palatine  processes  are  connected  in  the  middle 
line  by  a  very  rough  suture  (palatine  suture) ;  and  that  they  rise 
towards  the  nose  in  a  kind  of  crest,  which  articulates  with  the 
vomer,  and  forms  as  it  were  a  base  for  the  bony  septum  of  the  nose. 
(Plate  XX.  fig.  1.)  This  crest  projects  in  front  in  the  shape  of  a 
sharp  spine  (the  '  anterior  nasal  spine '),  which  serves  for  the 
attachment  of  the  cartilaginous  part  of  the  septum.  In  tbis 
palatine  suture,  immediately  behind  the  middle  incisor  teeth,  we 
observe  the  '  anterior  palatine  canal.'  (Plate  XXIV.)  Towards  the 
palate  this  canal  has,  at  first  sight,  only  one  large  orifice ;  but 
if  we  look  to  the  bottom  of  it,  we  shall  probably  find  four  minute 
openings.  Two  of  these*  lie  in  the 'middle  line,  one  behind 
the  other,  and  transmit  the  naso-palatine  nerves ;  the  other  two 
much  larger,  are  situated  one  on  each  side  the  middle  line ;  tliey 

*  These  '  incisor'  foramina  are  sometimes  called  the  foramina  of  '  Scarpa.' 
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lead  into  the  floor  of  each  nostril,  and  transmit  the  anterior 
palatine  arteries.^ 

The  malar  process  stands  oflf  from  the  outer 
"  ^  '  side  of  the  antrum.  It  is  remarkably  thick  and 
strong,  and  is  connected,  by  a  very  rugged  triangular  surface,  with 
the  malar  bone.  Observe  that  the  malar  process  is  situated  just 
over  the  first  and  second  molar  teeth,  and  is  therefore  well  calcu- 
lated to  resist  pressure  in  mastication.  When  we  crack  a  nut,  we 
instinctively  place  it  under  these  teeth. 

The  superior  maxilla  is  connected  with  nine 

CoxxEcnoifs. 

bones,  as  follows  : — with  the  malar,  the  frontal,  the 
nasal,  the  lachrymal,  the  vomer,  the  inferior  spongy,  the  palate 
bone,  its  fellow,  and  lastly,  the  ethmoid.  We  mention  this  bone 
last  of  all,  because  we  wish  to  direct  attention  to  a  fact  which  we 
have  hitherto  omitted  to  notice,  that  some  of  its  cells  are  closed 
in  by  half  cells  usually  seen  along  the  orbital  plate  of  the  superior 
maxillary  bone.  (Plate  XV.  tig.  2.) 
^  The  ossification  of  the  upper  iaw  begins  so  soon 

Dbtelopmest.  ,  i  1      J  o 

(as  early  as  the  sixth  or  seventh  week),  and  pro- 
ceeds so  quickly,  that  the  number  of  its  independent  centres  has 
not  yet  been  accurately  determined.  It  appears  to  have  five 
distinct  centres,  one  for  the  alveolus  behind  the  incisors,  one  for 
the  palatine  process,  one  for  the  floor  of  the  orbit  and  malar  pro- 
cess, a  fourth  for  the  portion  in  front  of  the  antrum  with  the  nasal 
process,  and  lastly,  a  very  distinct  centre  f  which  includes  the 
sockets  of  the  two  incisor  teeth.  In  animals  this  remains  a  per- 
manently distinct  bone,  called  the  '  pre-maxillary,'  or  '  inter- 
maxillary.' Indeed,  in  most  human  skulls,  if  not  very  old,  one  can 
trace  the  remains  of  the  pre-maxillary  suture.  (Plate  XXIV.)  It 
nins  outwards  from  the  anterior  palatine  canal,  and  then  through 

*  These  lateral  foramina  arc  sometimes  called  the  foramina  of  '  Stpnson.'  Tho 
description  in  the  text  concerning  the  anterior  palatine  canals  applies  to  twenty  out 
of  forty  sknJIs  examined.  Their  disposition,  in  other  cases,  is  very  apt  to  vary,  both 
as  to  nnml^rand  size.  It  w;is  Scarpa  ('  Annot.  Anatoni.'  liij.  ii.  p.  To)  who  first  pointed 
ont  tho  varieties  in  these  canals.  Jn  many  instances  one  of  the  canals  is  ul)sent;  or, 
if  prtsent,  not  perrioiis  throughout.  For  a  more  complete  explanation  of  I  his  question, 
«ee  '  Quain's  Anatomy.' 

t  This  part,  in  man,  was  first  pointed  out  by  the  poet  Ooetho. 
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the  alveolar  border  of  the  jaw,  invariably  between  the  second  in- 
cisor and  the  canine  tooth ;  and  here  we  lose  all  trace  of  it..  This 
is  interesting  surgically.  In  cases  of  double  hare-lip,  where  the 
fissure  is  not  confined  to  skin,  the  pre-maxillary  bones  on  each 
side  fail  to  unite  with  the  rest  of  the  upper  jaw,  and  often  project 
in  a  hideous  manner  through  the  fissure  of  the  lip.  When  removed 
by  operation,  these  bones  are  always  found  to  contain  the  capsules 
of  the  fom-  incisor  teeth.* 


MALAE  BONE. 
(Plate  XVII.  fig.  3.) 

The  malar  bone  forms  the  prominence  of  the  cheek,  a  part  of 
the  margin  and  wall  of  the  orbit,  and  the  greater  portion  of  the 
zygomatic  arch.    It  is  remarkably  thick  and  strong,  in  order  to 
Theeb  Sdk-       resist  injury,  to  which  the  face,  in  this  situation, 
^^cEs.  is  SO  exposed.    We  divide  it  into  an  anterior  or 

subcutaneous  surface,  a  superior  or  orbital,  and  a  posterior  or 
zygomatic. 

On  the  subcutaneous  surface  there  is  nothing  to  observe  except 
the  orifice  of  one  of  the  '  malar  canals,'  and  that  it  gives  origin  to 
the  'zygomaticus  major'  and  'minor'  muscles. 

The  superior  surface  forms  part  of  the  outer  wall  of  the  orbit, 
a  small  part  of  its  floor,  and,  generally  speaking,  the  corner  only 
of  the  spheno-maxillary  fissure.f  There  are  usually  two  '  malar 
canals '  to  be  seen  on  it.  By  introducing  bristles,  it  will  be  found 
that  one  of  these  leads  to  the  subcutaneous  surface  ;  the  other,  to 
the  zygomatic  surface.  J 

*  For  the  most  recpnt  investigations  concerning  tlie  '  Formation  and  Early  Growth 
of  the  Bones  of  the  Human  Face,'  see  a  very  interesting  and  elaborate  paper  by  Mr. 
a.  W.  Callender  in  the  'Philosoph.  Trans.'  for  1860. 

+  From  an  examination  of  many  skulls,  I  find  that  the  malar  bono  is  excluded  from 
the  spheno-maxillary  fissure  more  frequently  than  is  generally  supposed.  This  exclu- 
sion is  efFectod  in  one  of  two  ways ;  either  by  the  inmiodiato  junction  of  the  superior 
maxillary  and  sphenoid  bones,  or  by  the  interposition  of  a  little  '  AVormian'  bono  just 
at  the  angle  of  the  fissure. 

X  These  malar  canals  transmit  cutaneous  nerves  which  proceed  from  the  orbital 


NASAL  BONE. 


99 


The  posterior  surface  is  very  concave,  iu  order  to  form  the 
anterior  wall  of  the  zygomatic  fossa. 

The  malar  bone  has  three  free  borders.  One 

Three  BoBDKBS.     ^  ,  i        i  • 

forms  at  least  a  third  of  the  margm  of  the  orbit, 
and  reaches  as  far  inwards  as  the  infra-orbital  canal,  giving  origin 
to  a  few  fibres  of  the  'levator  labii  superioris';  a  second  forms  the 
upper  edge  of  the  zygomatic  arch,  and  rimning  upwards  becomes 
continuous  with  the  temporal  ridge  at  the  external  angular  proces  s 
of  the  frontal  bone,  this  border  gives  attachment  to  the  '  temporal 
fascia ' ;  a  thii'd  forms  the  lower  edge  of  the  arch,  and  gives  origin 
to  the  '  masseter '  muscle.  (Plate  XIX.  fig.  2.) 
_  The  malar  bone  is  connected  with  four  bones  : 

Co^1^EC^OI^s. 

namely,  by  a  broad  and  very  roughly  serrated 
siu-face,  with  the  superior  maxillary ;  by  suture,  with  the  external 
angle  of  the  frontal,  the  orbital  plate  of  the  sphenoid,  and  the 
zygomatic  process  of  the  temporal.  These  several  connections 
are  so  strong,  that  the  bone  cannot  be  driven  inwards  towards  the 
orbit,  and  fractm-es  of  it  are  very  rare. 
DETELOPiLENT  dcveloped  from  a  single  centre  of  ossifi- 

cation, which  appears  about  the  eighth  week.* 


NASAL  BONE. 
(Plate  XVm.  fig.  3.) 

The  na.sal  bones,  situated  one  on  either  side,  occupy  the  space 
between  the  nasal  processes  of  the  superior  maxillary,  and,  to- 
gether, complete  the  bridge  of  the  nose.    Their  length,  breadth, 

feranch  of  the  superior  maxillary  nerve  to  the  cheek,  and  the  zygomatic  fossa  respec- 
tively. 

*  It  ha.s  been  recentlya-sserted  tliat  a  second  centre  exists  (Darwin, '  On  the  Descent 
of  Man,'  vol.  i.  p.  124).  At  all  events,  in  some  ancient  and  •■-aviigc  human  skulls  a 
transver-ift  suture  is  seen  running  from  before  backwards,  so  as  to  separate  the  lower 
Wder  from  the  rest  of  the  bone.  It  is  most  frequent  in  the  skulls  of  llio  Dyaks  of 
Borneo.  (.See  No.  510,5  O.  '  Oste^^Iogical  Series,'  Museum  of  the  Koyal  Collciro  of 
Surgeons.)  ? 

u  2 
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and  degree  of  inclination,  determine  the  shape  of  the  nose.  We 
have  to  examine  their  anterior  and  posterior  surfaces,  and  their 
fom-  borders. 

Theii-  anterior  surfaces  are  subcutaneous,  con- 
vex,  and  present  the  orifices  of  one  or  more  canals, 
for  the  ti-ansmission  of  blood-vessels.  Their  posterior  surfaces  are 
concave,  form  part  of  the  roof  of  the  nose,  and  are  each  marked 
by  a  groove  for  the  passage  of  the  external  branch  of  the  nasal 
nerve. 

BoBDEEs  Their  iipper  borders  are  broad,  serrated,  and 

fii-mly  articulated  with  the  frontal  bone.  Their 
loiver  borders  are  thin  and  free  in  the  dry  bone,  but  connected  in 
the  recent  subject  with  the  lateral  cartilages  of  the  nose.  Each 
has,  generally,  a  little  notch  in  it,  through  which  the  external 
branch  of  the  nasal  nerve  comes  to  supply  the  skin  at  the  tip  of 
the  nose.  Their  outer  borders  are  serrated,  and  slightly  sloped,  to 
articulate  with,  and  be  supported  by,  the  nasal  processes  of  the 
superior  maxillary. "  Their  inner  borders  articulate  with  each  other, 
in  the  middle  line,  along  the  '  nasal  suture.'  From  the  under 
surface  of  this  suture  a  high  '  crest'  of  bone  projects.  By  puttiug 
the  bones  together,  it  is  seen  how  their  crests  form  the  beginning 
of  the  bony  septum  of  the  nose,  and  how  they  articulate  with  the 
nasal  spine  of  the  frontal  bone,  and  the  perpendicular  plate  of  the 
ethmoid.  (Plate  XX.  fig.  1.)  Hence,  you  cannot  have  a  fracture 
with  depression  of  the  nasal  bones,  without  a  fracture  of  the  per- 
pendicular plate  of  the  ethmoid.  In  some  rare  instances,  the  injury 
extends  through  the  perpendicular  plate  of  the  ethmoid  to  the  base 
of  the  brain.  Observing  the  great  strength  of  the  nasal  bones  and 
the  massive  arch  they  form,  how  the  sides  of  this  arch  are  sup- 
ported by  the  nasal  processes  of  the  superior  maxilla},  while  the 
centre  is  propped  up  by  the  nasal  spine  of  the  frontal  bone,  and 
the  perpendicular  plate  of  the  ethmoid  (Plate  XXI.  fig.  2),  one  can 
readily  understand  what  makes  the  arch  so  strong,  and  why  the 
bones  are  so  seldom  broken.  A  pretty  good  pi'oof  is  given  of  the 
strength  of  the  arch,  when  one  sees  a  mountebank  support  upon  it, 
with  impunity,  a  lieavy  ladder,  with  the  additional  weight  of  a  man 
upon  the  steps 


LACHRYMAL  BONE. 


101 


The  nasal  bone  articulates  with  four  others, 

COXSECTIONS.  1         .  o 

namely,  its  fellow,  the  superior  maxillary,  the 
frontal,  and  the  perpendicular  plate  of  the  ethmoid. 
^  Each  nasal  bone  is  developed  from  a  single 

centre  of  ossification,  which  appears  about  the 

eighth  week. 


LACHEYMAL  BONE. 
(Plate  XVII.  fig.  4.) 

The  lachrymal  bones  are  situated,  one  on  each  side,  on  the 
inner  wall  of  the  orbit.  They  are  exceedingly  thin  and  delicate, 
and  shaped  somewhat  like  a  nail ;  hence  the  name  '  os  unguis.'  In 
old  skidls,  they  are  often  as  thin  as  silver  paper,  and  sometimes 
perforated.  One  surface  looks  towards  the  orbit : 
the  other  towards  the  nose.  One  of  these  bones  is 
seen  in  situ  in  Plate  XVIII.  fig.  2. 

The  external  or  orbital  sui-face  has  a  vertical  ridge  upon  it 
which  terminates  below  in  a  small  lancet-Kke  process  or  tongue, 
termed  '  hamulus,'  so  as  to  fit  into  the  angle  between  the  inferior 
turbinated  bone  and  the  superior  maxillary  (Plate  XX.  fig.  2). 
In  front  of  this  is  a  groove  ('lachrymal  groove'),  which, 
together  with  the  groove  on  the  nasal  process  of  the  superior 
maxilla,  forms  the  canal  for  the  lachrymal  sac.  The  ridge  itself 
gives  origin  to  the  '  tensor  tarsi.'  The  bone  behind  the  ridge  is 
smooth,  slightly  concave,  and  forms  part  of  the  inner  wall  of  the 
orbit. 

The  internal  or  nasal  surface  presents  a  slight  furrow  corre- 
sponding to  the  external  ridge.  The  surface  in  front  of  this  forms 
part  of  the  middle  meatus  of  the  nose ;  that  behind  it  always  covers 
the  anterior  cells  of  the  ethmoid  bone,  and  sometimes  a  small  cell 
or  two  in  the  frontal  bone. 

Coi^NEcnox,.  examining  the  orbit  (Plate  XVIII.  fig.  2), 

you  observe  that  the  lachrymal  bone  is  somewhat 
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square,  and  that  it  articulates  by  suture  with  the  frontal  above,  tho 
ethmoid  behind,  the  superior  maxillary  in  front  and  below.  But 
this  is  not  all.  The  lower  edge  of  the  bone  has  a  little  triangular 
'tongue,'  which  articulates  with  what  is  called  the  'lachrymal 
process  '  of  the  inferior  turbinated  bone.  (Plate  XX.  fig.  2.)  So, 
then,  it  articulates  with  four  bones. 
Dbvelopmekt  centre  of  ossification,  which  appears 

about  the  eighth  week. 


PALATE  BONE. 
(Plate  XVI.  figs.  1,  2,  3.) 

The  two  '  palate  bones,'  one  on  each  side,  are  wedged  in  between 
the  pterygoid  process  of  the  sphenoid  and  the  superior  maxillary 
bones.  They  form  part  of  the  nasal  fossai,  of  the  orbits,  and 
of  the  palate.  As  the  palate  bone  somewhat  resembles  the  letter 
L  in  shape,  we  can  divide  it,  for  convenience  of  description,  into  a 
horizontal  and  a  vertical  plate. 
Horizontal  The  horizontal  plate  completes  the  bony  palate 

by  fitting  on  to  the  palate  plate  of  the  superior 
maxillary  bone.  Its  under  surface  (Plate  XVI.  fig.  3)  presents  a 
transverse  ridge,  more  or  less  marked  in  different  bones,  for  the 
insertion  of  the  aponeurosis  of  the  '  tensor  palati.'  In  front  of 
this  ridge  and  towards  its  outer  end  we  observe  the  orifice,  more  or 
less  complete,  of  the  '  posterior  palatine  canal,'  for  the  transmission 
of  the  descending  palatine  vessels  and  the  larger  descending  pala- 
tine nerve  from  Meckel's  ganglion.  The  anterior  edge  of  this 
plate  is  serrated  and  cut  obliquely,  so  as  to  articulate  with,  and  be 
supported  by,  the  palate  plate  of  the  superior  maxilla.  The 
posterior  edge  is  smooth  and  concave,  and  gives  attachment  to  the 
soft  palate.  The  inner  edge  firmly  articulates  with  its  fellow,  by 
means  of  a  '  median  crest '  raised  up  towards  tlie  nose,  precisely 
like  the  corresponding  parts  in  the  superior  maxillary  bones  (see 
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Plate  XX.  fig.  1) :  this  crest  serves  to  support  the  vomer,  and  forms 
a  basis  for  the  septum  of  the  nose.  Behind,  it  terminates  in  a 
pointed  process,  termed  the  '  posterior  nasal  spine '  (Plate  XXIII.), 
which  gives  origin  to  the  '  azygos  uvulae '  muscle.  Concerning  the 
upper  surface  of  the  plate  we  have  to  notice  that  it  is  smooth 
and  slightly  concave,  in  order  to  form  part  of  the  floor  of  the 
nose. 

„         ^  The  vertical  plate  of  the  palate  bone  contributes 

Vebtical  Plate. 

to  form  the  outer  boundary  of  the  nasal  fossa.  On 
its  inner  surface  (Plate  XVII.  fig.  1)  is  a  'ridge'  for  the  attach- 
ment of  the  inferior  turbinated  bone.  The  surfaces  above  and 
below  this  ridge,  respectively,  form  part  of  the  middle  and  in- 
ferior '  meatus  '  of  the  nose.  Still  higher,  is  a  ridge  for  the  middle 
tm"binated  bone.  On  its  outer  surface  we  observe  a  vertical 
groove,  which  either  alone,  or  in  conjunction  with  the  supe- 
rior maxilla,  forms  the  '  posterior  palatine  canal,'  for  the  trans- 
mission of  the  descending  palatine  vessels  and  the  large  palatine 
nerve.  The  front  part  of  the  vertical  plate  fits  along  the  inner 
wall  of  the  antrum  of  the  superior  maxilla,  and  helps  to  contract 
the  lower  and  back  part  of  the  orifice  of  the  antrum.  This  part, 
however,  is  very  fragile,  and  is  generally  broken  in  separating 
the  bones. 

TrBTOosiTT,  OR  From  the  angle  formed  by  the  horizontal  and 
Ptbamidal  Pro-  vertical  plates  projects  backwards  what  is  called 
the  '  tuberosity  '  or  '  pyramidal  process.'  This  is 
the  thickest  and  strongest  part  of  the  whole  bone,  and  its  use  is  to 
fit  into  and  fill  up  the  '  notch '  which  is  left  between  the  pterygoid 
plates  of  the  sphenoid.  For  this  purpose  its  posterior  aspect  pre- 
sents a  groove  which  completes  the  pterygoid  fossa,  and  gives 
origin  to  a  part  of  the  '  pterygoideus  internus.'  The  groove  is 
bounded  by  two  rough  surfaces,  which  diverge  from  each  other 
like  the  letter  V  reversed,  in  order  to  fit  into  the  borders  of  the 
notch  itself.  (Plate  XIII.  fig.  2.)  The  anterior  aspect  of  the 
tuberosity  presents  a  very  rugged  surface,  which  articulates  with 
the  tuberosity  of  the  superior  maxillary  bone.  Behind  this  rough 
surface  is  a  smooth  portion  continuous  with  the  plane  of  the  ex- 
ternal pterygoid  plate ;  this  smooth  part  gives  origin  to  some  of 
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the  fibres  of  tbe  external  pterygoid  muscle.  The  inferior  aspect 
has  nothing  remarkable  on  it,  except  the  orifices  of  one  or  two 
canals  large  enough  to  admit  a  pin.  They  are  the  'accessory 
palatine  canals,'  and  transmit  the  external  and  the  small  palatine 
nerves  to  the  soft  palate. 

Turning  now  our  attention  to  the  upper  part  of  the  palate  bone, 
we  observe  that  at  the  top  of  the  vertical  plate  there  are  two  pro- 
cesses. One  is  called  the  '  orbital,'  because  it  fills  up  a  little  corner 
at  the  back  part  of  the  orbit ;  the  other  is  called  the  '  sphenoidal,' 
because  it  fits  under  the  body  of  the  sphenoid  bone.  These  pro- 
cesses are  separated  by  a  deep  notch,  which  forms  the  greater  part 
of  the  '  spheno-palatine  foramen.' 

Oebital  Peo-  The  'orbital  process'  springs  from  the  top  of 
CESS.  the  bone  by  a  narrow  '  neck,'  and  is  hollow  in  its 

interior,  so  that  it  forms  a  cell.    The  cell  contains  air,  admitted 
through  one  of  the  posterior  ethmoidal  cells.    This  little  cell  has 
jive  surfaces,  each  varying  in  extent,  and  looking  in  different 
directions.    If  you  hold  the  bone  before  you,  precisely  as  it  is  in 
your  own  person,  and  remember  that  it  is  interposed  between  the 
maxillary  in  front  and  the  sphenoid  behind,  you  will  have  no  diffi- 
culty in  recognising  the  direction  of  the  surfaces  to  be  as  follows 
(see  Plate  XVII.  fig.  2) : — the  superior  looks  into  the  orbit  and 
contributes  to  form  its  floor ;  the  external  looks  into  the  zygomatic 
fossa  (or,  more  strictly  speaking,  into  the  spheno-maxillary  fossa) ; 
the  posterior  is  connected  with  the  body  of  the  sphenoid;  the 
internal  with  the  ethmoid ;  and  the  anterior  with  the  superior 
maxillary  bone.    Thus,  then,  we  have  a  superior  or  orbital  surface, 
an  external  or  zygomatic,  a  posterior  or  sphenoidal,  an  internal  or 
ethmoidal,  and  an  anterior  or  maxillary :  of  these  five,  two  only 
are  free,  namely,  the  orbital  and  the  zygomatic— the  other  three 
are  attached  to  the  respective  bones  with  which  they  are  con- 
tiguous.   Plate  XXVI.  shows  the  little  corner  at  tbe  inner  and 
back  part  of  the  orbit,  which  is  filled  up  by  the  palate  bone,  and 
also  the  relative  position  of  the  bones  with  which  the  orbital  pro- 
cess is  connected.    It  likewise  shows  that  the  '  zygomatic  sm'face ' 
forms  that  part  of  the  floor  of  the  spheno-maxillary  fossa  which 
lies  above  the  spheno-palatine  foramen. 
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SpnENoiD.vL  The  '  sphenoidal  process '  is  a  thin  plate  of  bone, 

Procks.  ^yjjl^.!^  arches  inwards  beneath  the  body  of  the 

sphenoid,  and  forms  part  of  the  roof  of  the  nasal  fossa.  As  it  is 
generally  broken  in  the  separate  bone,  one  can  see  it  best  in  the 
perfect  skull.  (Plate  XXIV.).  The  arch  which  it  forms  has  three 
sm-faces,— an  upper  or  convex  surface,  which  closes  in  the  pterygo- 
palatine canal;  an  under  or  concave  surface,  which  we  see  in 
looking  into  the  nasal  fossa ;  and,  lastly,  an  outer,  which  we  see  in 
looking  at  the  bottom  of  the  spheno-maxillary  fossa. 

Sphexo-Pala-  Respecting  the  '  spheno-palatine  foramen,'  we 
TIKE  FoHAiiEx.  need,  for  the  present,  merely  observe,  that  it  is  an 
opening  which  leads  from  the  spheno-maxillary  fossa  into  the 
cavity  of  the  nose,  in  order  to  transmit  the  nasal  or  spheno-pala- 
tine branch  of  the  internal  maxillary  artery  and  nasal  branches 
of  the  spheno-palatine  (Meckel's)  ganglion.  (Plate  XXVI.) 

Co>c-Ecno>'s.  P^^'"^*®  ^^^^  articulates  with  six  bones,— 

namely,  its  fellow,  the  sphenoid,  ethmoid,  and 
inferior  spongy  bones,  the  vomer,  and  the  superior  maxilla. 
Devklopment.       .         developed  from  a  single  centre  of  ossifica- 
tion, which  appears  at  the  angle  of  the  horizontal 
and  vertical  portions,  about  the  middle  of  the  second  month. 


INFEEIOE   SPONGY    OR   TUEBINATED  BONE. 
(Plate  XIX.  figs.  1  and  3.) 

In  each  nasal  cavity  there  are  three  spongy  or  turbinated  bones 
—an  upper,  a  middle,  and  a  lower.    The  upper  and  middle  form 
part  of  the  etlimoid  bone,  and  have  been  already  described,  p.  88. 
We  have  now  to  examine  the  lower  one. 
Its  Position  Thi.s  thin  plate  of  bone  is  well  called  '  sDono-v  ' 

AND  U*fV  r  '  i.  1  ^  ' 

from  Its  appearance,  and  '  tur])inated,'  from  its 
curved  form.  By  referring  to  Plate  XX.  fig.  2,  you  see  it  in  situ, 
and  observe  how  much  longer  it  is  than  either  of  the  otlior<< 
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Its  internal  surface,  forming  the  convex  part  of  the  roll,  looks 
towards  the  septum  of  the  nose  ;  its  external  surface  forms  the 
concave  part,  and  bounds  the  inferior  meatus  of  the  nose.  Both 
surfaces  are  covered  with  little  ridges  and  furi'ows,  and  more  or 
less  horizontal  canals,  for  the  lodgment  of  numerous  plexuses  of 
arteries,  but  chiefly  of  veins.  This  quite  accords  with  the  purpose 
served  by  the  bone,  namely,  to  afford  an  additional  extent  of 
surface  for  warming  the  air  on  its  passage  into  the  lungs.  It 
has  nothing  to  do  with  the  sense  of  smell.  The  olfactory  nerves 
cannot  be  traced  lower  than  the  middle  spongy  bone. 

By  its  upper  edge  it  is  attached  along  the  outer 
Connections.        ^^^^  ^^^^  ^^^^^        ^^^low  :-Be- 

ginning  from  the  front,  we  find  it  attached,  1,  to  a  ridge  along  the 
nasal  process  of  the  superior  maxilla ;  2,  by  means  of  a  little 
'tongue'  ('lachrymal  process')  to  just  such  another  '  tongue '  of 
the  lachrymal ;  it  is  this  part  of  the  bone  which  completes  the 
nasal  duct ;  3,  to  the  orifice  of  the  antrum  by  means  of  a  triangular 
plate  termed  the  'maxillary  process'  (Plate  XIX.  fig.  3),  which 
turns  down  like  a  dog's  ear,  and  helps  to  narrow  the  lower  part  of 
the  orifice  of  the  antrum ;  4,  to  the  unciform  plate  of  the  ethmoid 
by  means  of  a  Uttle  tongue,  called  the  '  ethmoidal  process  \ ;  5,  and 
lastly,  to  a  ridge  along  the  vertical  plate  of  the  palate  bone. 
Notwithstanding  these  numerous  connections,  the  bone  is  by  no 
means  strongly  fixed  in  its  position :  in  the  dry  skull  it  often  falls 
out ;  and  in  the  operation  of  extracting  a  polypus  from  the  nose, 
it  is' quite  possible  to  pull  out  part  of  the  bone  or  even  the  entire 
bone  with  the  polypus. 

Its  lower  edge  is  free,  and  generally  about  half  an  inch  from 
the  floor  of  the  nose,  so  that  there  is  just  room  enough  to  introduce 
the  tube  of  a  stomach  pump  through  the  nose. 

The  bone  has  one  independent  centre  of  ossifica- 
Deyelopsient.     ^.^^^  appears  about  the  fifth  month  of  foetal 

life. 
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View  of  the  tWee'Meatus'oP-the'Hoae. 
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THE    V  0  M  E  E. 
(Plate  XVIII.  fig.  l.) 

The '  vomer '  is  so  named  from  its  resemblance  to  a  ploughshare. 
It  is  a  thin  and  delicate  plate,  situated  perpendicularly  in  the  middle 
line,  and,  together  with  the  perpendicular  plate  of  the  ethmoid 
bone,  forms  the  bony  septum  of  the  nose.    (Plate  XX.  fig.  1.) 

Thin  as  it  is,  the  vomer  consists  of  two  plates,  united  in  the 
middle,  but  separated  above,  where  they  become  stronger,  diverge 
from  each  other,  and  form  a  deep  fissure  which  receives  the 
'  rostrum '  of  the  sphenoid.  The  diverging  edges  of  the  fissure, 
called  the  '  wings,'  fit  into  the  little  furrows  beneath  the  '  vaginal 
processes '  of  the  sphenoid.  (Plate  XIV.)  Concerning  the  other 
connections  of  the  vomer,  we  have  to  observe  that  the  two  plates 
of  which  the  bone  is  composed  separate  from  each  other  at  every 
edge  of  it ;  and  as  the  vomer  receives  the  other  bones  into  its 
grooves,  so  it  is  locked  in  on  all  sides. 

CojTSfEcnoNs.         '^^^  ^^^^^        connected    with    six  bones. 

Below,  it  articulates  with  the  crest  of  the  maxillary 
and  palate  bones ;  in  front,  with  the  perpendicular  plate  of  the 
ethmoid,  and  the  median  cartilage  of  the  nose ;  behind,  its  edge  is 
sharp  and  free,  and,  in  the  perfect  skull,  is  seen  as  the  septum 
between  the  posterior  openings  of  the  nasal  fossje. 

Both  surfaces  of  the  vomer  are  marked  by  grooves  for 
blood-vessels  and  nerves:  but  the  only  groove  deserving  notice 
is  that  which  descends  obliquely  and  transmits  the  •  naso-palatine 
nerve.' 

It  is  necessary  to  know  that  the  direction  of  the  vomer  is  not, 
in  all  persons,  perpendicular.  In  100  skulls,  I  find  the  vomer  per- 
pendicidar  only  in  24.  There  are  instances  in  which  it  projects 
more  or  less  into  one  side  of  the  nose  ;  and  such  an  unusual  projec- 
tion, when  covered  by  its  vascular  and  swollen  mucous  membrane 
might  easily  be  mistaken  for  a  polypus.  Such  mistakes  are  alluded 
to  in  surgical  works.* 


♦  Jnrjarny,  'Anatomio  Chir.'  t,  ii.  p.  61. 
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The  vomer  is  developed  from  one  centre  of 
Development.      Qggiflcation,  which  begins  about  the  eighth  week, 
at  the  upper  part,  and  proceeds  along  each  lateral  plate. 


THE    INFEEIOE    MAXILLARY  BONE. 
(Plate  XXII.) 

For  convenience  of  description  we  divide  the  lower  jaw  into 
the  arched  part  in  front,  called  the  'body'  of  the  jaw,  and  the 
part  behind,  called  the  '  ramus,'  which  ascends  at  nearly  a  right 
angle.  At  the  top  of  each  ramus  we  observe  the  '  condyle '  or 
articular  surface,  the  'coronoid'  process  for  the  insertion  of  the 
temporal  muscle,  and  the  '  sigmoid  notch.'  Let  us  examine  what 
is  to  be  seen,  first,  on  the  convex  surface  of  the  '  body  ; '  secondly, 
on  the  concave  surface  ;  and,  lastly,  on  each  surface  of  the  ramus. 

BoBY  AND  Sym-  The  convex  part  of  the  body  presents,  exactly  in 
PHYSIS.  the  centre,  a  sUght  ridge,  termed  the  '  symphysis.' 

This  is  the  strongest  part  of  the  bone,  and  indicates  where  the  two 
halves  of  the  bone  grew  together.*  Observe  that  its  direction  is 
vertical :  this  is  one  of  the  characteristics  of  man  ;  be  alone  has  a 
chin.  The  '  symphysis  '  terminates,  below,  in  a  triangular  '  mental 
process,'  more  or  less  marked  in  different  individuals.  On  each 
side  of  the  symphysis  is  a  slight  depression,  termed  the  '  mental 
fossa,'  which  gives  origin  to  the  'levator  menti.'  More  externally, 
and  generally  in  a  line  with  the  first  pre-molar  tooth,  is  the 
'  foramen  mentale,'  t  which  transmits  the  'mental  branch'  of  the 
inferior  dental  nerve  and  artery.  From  the  lower  part  of  the 
symphysis  we  trace  the  beginning  of  the  '  external  oblique  Ime  '  or 
ridge,  which  curves  backwards  towards  the  root  of  the  coronoid 
process.    This  line  gives  origin  to  the  '  depressor  labii  infenons  ' 

♦  In  serpents  the  lateral  halves  of  the  lo.ver  jaw  are  not  united      1;°-^^- ^'^t 
together  l.y  an  elastic  ligament,  which  permits  the  two  halves  of  the  jaw  to  bo 
se;arated  from  eaeh  other  sideways,  to  a  considerable  extent.    This  ,s  one  of  t  o 
many  provi.sions  by  which  a  boa  is  enabled  to  swallow  its  prey,  though  larger  than  its 
own  body. 

t  Tlie  position  of  the  'foramen  mentale'  is  by  no  moans  constant. 
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and  'depressor  anguli  oris.'    A  little  below  botli  these,  is  the 
insertion  of  the  '  Platysma-myoides  '  of  the  neck.     Along  the 
alveolar  border  adjacent  to  the  three  molar  teeth  is  one  origin 
of  the  '  buccinator.' 
FouH  TuBEK-        On  the  concave  or  hinder  surface  of  the  body 
2),  we  observe,  at  the  symphysis,  four  small 
tubercles,  i.e.  two    on   each  side,  one  above  the  other;  the 
upper  give  origin  to  the  « genio-hyoglossi :  '  the  lower,  to  the 
'genio-hyoidei.'^    Beneath  these  is  a  well-marked  depression 
on  each  side,  for  the  insertion  of  the  '  digastricus.'    On  this  sur- 
face also  we  see  another  oblique  line,  beginning  faintly  near  the 
symphysis,  and  becoming  gradually  more  prominent  as  it  ascends 
backwards  below  the  last  molar  tooth.    It  is  called  the  '  mylo- 
hyoid ridge,'   because  it  gives  origin  to  the  '  mylo-hyoideus.' 
Behind  and  a  little  above  this  ridge,  near  the  last  molar  tooth, 
is  the  origin  of  part  of  the  '  superior  constrictor  '  of  the  pharynx. 
Below  this  ridge  is  a  slight  depression,  indicating  tlie  place 
where  the  sub-maxillary  salivary  gland  lies.    Above  the  ridge  is 
the  place  for  the  sub-lingual  gland  ;  but  this  is  not  well  marked. 

SIeaxixg  of  The  oblique  lines  or  ridges  alluded  to  on  the 

Oblique  Lines.       two  surfaces  of  the  body  denote  something  more 
than  mere  muscular  impressions.   They  indicate  the  limit  between 
the 'alveolar'  part  which  contains  the  teeth,  and  the  lower  or 
'basilar 'part  of  the  jaw.    We  make  these  distinctions  because 
these  parts  come  and  go  at  different  periods  of  life.    In  infancy 
we  have  only  the  alveolar  part;  towards  puberty  the  basilar  part 
-lowly  grows  to  perfection  ;  in  old  age  when  the  teeth  fall  out, 
and  their  sockets  are  absorbed,  the  basilar  part  alone  remains,  and 
the  chin  gradually  approximates  the  nose.    The  absorption  of  the 
sockets  (alveoli),  which  is  natural  in  old  persons,  becomes  disease 
when  it  happens  in  middle  life,  and  produces  prematm-e  age  in  the 
jaws.    ITiia  absorption  is  apt  to  arise  from  long  salivation,  scurvy, 
or  purpura ;  frequently  it  is  hereditary. 

,s  THK       Tlie  teeth  in  the  lower  jaw  correspond  in  num- 
x,wKK  Jaw.  (eight  on  each  side)  with  those  in  the  upper, 

but  differ  from  them  in  one  or  two  particulars  The  lower 

»  These  four  tubercles  in  some  instances  are  confluent,  and  appour  us  one. 
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molars  have  only  two  fangs,  an  anterior  and  posterior,  while  the 
upper  molars  have  three  ;  2.  When  the  mouth  is  closed  the  teeth 
of  the  lower  jaw  shut  behind  those  of  the  upper  jaw  which  form 
a  larger  arch  ;  3.  The  external  tubercles  or  cusps  of  the  teeth 
of  the  lower  jaw  fit  into  the  hollows  between  the  external  and 
internal  cusps' of  the  teeth  of  the  upper  jaw  ;  by  which  arrangement 
we  are  enabled  to  use  the  entire  surface  of  the  opposing  teeth  in 
grinding  the  food.  When  the  jaws  are  closed,  each  tooth  in  one  jaw 
is  opposed  by  two  in  the  opposite  jaw ;  one  good  result  of  this  is, 
that  when  we  lose  a  tooth,  the  corresponding  tooth  in  the  other  jaw 
being  still  more  or  less  opposed,  is  still  of  service  in  mastication. 

The  ramus  of  the  jaw  mounts  up  from  the  body 
nearly  at  a  right  angle  in  adult  age,  when  the 
upper  and  lower  jaws  are  kept  weU  apart  behind  by  the  molar 
teeth.    But  in  infancy,  before  the  development  of  the  molars, 
and  in  age  when  they  have  decayed,  the  'angle'  of  the  jaw 
becomes  obtuse.    Excluding  its  outstanding  processes,  the  ramus 
is  nearly  square.     Nearly  the  whole  of  its  outer  surface  gives 
insertion  to  the  powerful  '  masseter,'  which  closes  the  jaw  (fig.  1). 
On  its  inner  surface  (fig.  2)  we  observe  the  '  dental  foramen, 
or  the  orifice  of  the  canal  for  the  transmission  of  the  mfenor 
dental  nerve  and  artery.    The  inner  margin  of  the  orifice  is 
raised  into  a  short  '  spine '  for  the  attachment  of  the  internal 
lateral  ligament  of  the  jaw.    Leading  down  from  the  orifice  is 
the  'mylo-hyoid   groove,'  which  contains   the  mylo-hyoidean 
vessels  and  nerve.    Below  the  groove  is  the  rough  surface  for 
the  insertion  of  the  '  pterygoideus  internus.'    Observe  that  strong 
muscles  are  inserted  into  the  angle  of  the  jaw  both  on  the  outer 
and  on  the  inner  smrface;  and  that  for  this  reason  fractures 
through  this  part  of  the  bone  sometimes  escape  detection. 

The  'condyle'  projects  from  the  upper  and 
Condyle.  ^^^^  ^^^^^      ^^^^  ^.^mus  to  form  the  joint  of  the 

jaw,  and  fits  into  the  glenoid  cavity  of  the  temporal  bone.  It  is 
oblong  in  form,  and  convex  both  from  without  inwards  and  from 
before  backwards.  The  long  axis  is  directed  horizontally  inwards 
and  slightly  backwards,  so  that,  if  prolonged,  the  a^is  of  the  two 
condyles  would  meet  near  the  front  of  the  'foramen  magnum. 
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External  oblic^ue  line. 
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Ill 


Just  outside  the  condyle  is  a  'tubercle'  for  the  attachment  of 
the  external  lateral  ligament.    The  condyle  is  supported  on  a 
contracted  part  termed  the  'neck'  of  the  jaw.    This  neck  is 
flattened  in  the  same  direction  as  the  condyle,  and  is  slightly 
excavated  in  front  for  the  insertion  of  the  'pterygoideus  externus.' 

CoN-DTLBs,  ^^^by  are    the   condyles    of  the  jaw  placed 

WHY  PLACED  obliquely  ?  The  answer  is,  to  facilitate  the  oblique 

rotatory  movements  necessary  for  the  mastication 
of  our  food.    In  masticating,  we  can  readily  feel  that  one  condyle 
ad  vances  towards  the  anterior  margin  of  the  glenoid  cavity,  while 
the  other  recedes  towards  the  posterior  margin. 
Obsehvations  ON       The  joint  of  the  lower  jaw  in         Fw.  18.  . 
THE  JoOT  OF  THE    mau  Is  a  much  more'  beautiful 

Jaw  Ls- A^miAxs.  v  • 

mechanism  than  it  appears  at 


first  sight.  Fully  to  appreciate  it,  we  must 
look  a  little  at  the  form  of  the  joint  in  animals. 
In  animals  this  joint  varies  according  to  the 
structure  of  their  teeth  and  the  food  they  eat. 
There  are  three  principal  types  of  it :  the  carnivorous,  the  rumi- 
nant, and  the  rodent.  The  carnivorous  type  is  a  Fm.  lo. 
simple  transverse  hinge:  this  foi-m  is  well  seen  in  &  ' 

the  badger,  in  which  animal  the  condyle  of  the  jaw 
is  mechanically  locked  in  its  socket.    It  is  shown  in 
fig.  18,  where  Gr  represents  the  shape  of.  the  glenoid 
cavity,  and  C  the  shape  of  the  condyle  which  fits  <^^^^^ 
into  it.  The  rummant  type  presents  a  socket  and  a  « 
condyle  nearly  flat,  so  as  to  admit  of  the  lateral  movement  neces- 
sary for  grinding  the  food.   This  form  is  seen  in  fig.      fig.  20. 
1 9,  which  is  taken  from  the  sheep.    In  the  o^odent 
type  there  is  a  longitudinal  groove  in  the  temporal 
lx)ne  in  which  the  condyle  plays  from  before  back- 
wards like  a  plane.    Fig.  20  shows  the  corresponding 

irfaces  of  the  glenoid  cavity  (G),  and  the  condyle 

''),  in  the  capybara. 

Now  the  joint  of  the  lower  jaw  in  man  partakes 
more  or  less,  of  the  nature  of  the.se  three  types:  that  is  to  say 
we  can  move  our  jaw,  in  the  vertical  direction,  from  side  to  side' 
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and  from  before  backwards.  The  teeth  of  man  are  likewise 
intermediate  in  structure  between  those  of  carnivorous  and 
those  of  ruminant  animals.  Man,  therefore,  is  said  to  be  omni- 
vorous.* 

CoEONoiD  Pbo-  The  '  coronoid '  process  is  a  triangular,  lofty 
CESS.  plate  of  bone,  which  ascends  beneath  the  zygo- 

matic arch  in  order  to  increase  the  leverage  of  the  temporal  muscle 
which  closes  the  jaw.  Observe  that  the  insertion  of  this  muscle 
occupies  the  inner  surface,  the  apex,  and  front  border  of  the 
process  down  to  the  last  molar  tooth:  the  greater  part  of  the 
outer  surface  of  the  process  is  occupied  by  the  masseter.  Re- 
specting the  '  sigmoid  notch '  there  is  nothing  to  be  said,  except 
that  it  transmits  the  '  masseteric  '  nerve  and  artery. 

The  walls  of  the  lower  jaw,  particularly  at  the  basilar  part,  are 
exceedingly  compact  and  tough.  In  operations  for  removal  of  this 
part  of  the  bone,  it  is  necessary  to  use  the  saw  freely,  before  the 
bone  forceps  can  be  of  any  service.  The  interior  assumes  the  form 
of  '  diploe,'  and  is  traversed  by  the  '  inferior  dental  canal,'  which 
carries  the  vessels  and  nerves  to  the  teeth.  We  have  seen  that 
the  canal  begins  on  the  inner  side  of  the  ramus  ;  if  it  be  traced 
out  by  cutting  away  the  inner  wall,  we  find  that  it  curves  forwards, 
beneath  the  sockets  of  the  teeth,  and,  towards  the  front,  divides 
into  two,  of  which  one  ends  at  the  '  foramen  mentale,'  the  other, 
much  diminished  in  size,  runs  on  through  the  diploe  nearly  to  the 
symphysis,  in  order  to  convey  vessels  and  nerves  to  the  canine  and 
incisor  teeth. 

The  lower  jaw  has  two  centres  of  ossification, 
Development.       ^^.^^  ^^^^^^  ^^^^^^  ^-^^  g-^^j^  ^ee]j  .  for  each 

lateral  half.  Their  junction  at  the  symphysis  takes  place  about 
the  close  of  the  first  year  after  birth.  In  the  lower  animals  the 
symphysial  suture  often  remains  throughout  Ufe.f 

*  At  least  man  is  adapted,  by  his  dentition,  to  eat  animal  or  vegetable  food.  But 
the  presence  of  grinding,  tearing,  and  cutting  teeth,  equally  developed,  in  the  jays  of 
any  animal,  is  no  proof  that  he  is  omnivorous.  Monkeys  have  large  canines,  yet  hve 
on  vegetables;  all  bats  possess  well-for,ned  incisors,  canines,  and  molars,  yet  some  are 
purely  frugivorous,  whilst  tlie  British  species  live  entirely  on  insects. 

t  For  a  lucid  and  elaborate  account  of  the  development  of  the  jaws  and  the  teeth 
see  'Manual  of  Dental  Anatomy,'  by  C.  S.  Tomes,  M.A.,  1876. 
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The  examination  of  the  Skull  as  a  whole  is  easy  and  intelligible, 
provided  the  individual  bones  have  been  carefully  studied. 

CocHSE  OF  THE  First  of  all  we  must  learn  the  course  of  the 
SuTDEEs.  sutures.  This  is  of  practical  moment — 1,  because 

it  enables  us  to  say  with  precision  in  what  direction  the  head  of  the 
child  is  presenting  during  labom- ;  2,  because  in  injuries  of  the 
skull  we  must  not  commit  the  error  of  mistaking  a  sutm-e  for  a 
fracture ;  *  3,  because  it  is  desirable  not  to  trephine  in  the  course 
of  the  sutures. 

CofiONAL  The  '  coronal  suture '  (Plate  XXVII.)  (fronto- 

^nxuHE.  parietal)  connects  the  frontal  with  the  parietal 

bones.  It  extends  transversely  across  the  top  of  the  skull,  from 
the  great  wing  of  the  sphenoid  on  one  side  to  the  other.  Con- 
cerning the  construction  of  this  suture,  we  must  remember  that 
in  the  middle  the  frontal  overlaps  the  parietal  bones,  whereas  at 
the  sides  the  parietals  overlap  the  frontal:  a  provision  which 
manifestly  tends  to  lock  the  bones  together, 

^  Sagittal  The  'sagittal  suture'  (inter-parietal)  connects 

the  two  parietal  bones.  It  runs  directly  back- 
wards, in  the  middle  line,  from  the  frontal  to  the  occipital  bone. 
This  suture  is  very  much  serrated,  except  near  the  parietal  fora- 
mina, where  it  is  always  much  straighter  than  elsewhere.f 

*  a-''     ^as,  Hippocrates  once  mistook  a  natural  suture  of  the  skull  for  a 

fracture  and  afterwards  so  ingenuous  as  to  leave  liis  mistake  on  record.  Ou  this 
te3n.s  o>;serve8:<A  suturis  se  deceptum  esse  Hippocrates  memo^ia)  prodidit,  more 
scu.cet  magnorum  v.rornm,  et  fiduciam  magnarum  rerum  liabontium.  Nam  bvia 
Sr;'r  i"gonio,  mnltaque  nihilumi.u'.s 

q  Tot  n'r^^^^  pra.cipu6quo  in  eo  miuisterio 

7^:TZ^T'  " '  """^^ 

t  Broca,  'Ost^Iogio  du  Crane,'  1876. 
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Teontai,  The  '  frontal  suture '  is  formed  by  tlie  union  of 

SuTUEB.  the  two  halves  of  the  frontal  bone.    It  runs  down 

the  middle  of  the  forehead,  from  the  sagittal  suture  to  the  root 
of  the  nose.  It  always  exists  in  infancy  and  childhood,  but  is 
generally  obliterated  in  the  adult  (p.  68). 

Lajibdoh)  The  '  lambdoid  suture '  (Greek  letter  A)  (occi- 

Sdtuhb.  pito-parietal)  unites  the  two  parietals  to  the 

occipital  bone. 

Occipito-Mas-  The  '  occipito-mastoid  suture,'*  apparently  a 
TOID  SuTUBE.  continuation  of  the  lambdoid,  connects  the  occipital 
with  the  mastoid  portion  of  the  temporal  bone. 

Masto-Paeie-  The  mastoid  part  of  the  temporal  is  connected 
TAL  Sdtubb.  to  the  posterior  inferior  angle  of  the  parietal  bone 

by  the  '  masto-parietal  suture.' 

Sotamous  The  squamous  part  of  the  temporal  is  connected 

SuTUEB.  to  the  parietal  bone  by  the  '  squamous  suture ' 

(squamo-parietal) ;  and  to  the  great  wing  of  the  sphenoid  by  the 
'  squamo-  sphenoidal'  suture.  Concerning  these  connections,  we 
must  observe  the  great  extent  to  which  the  squamous  bone  over- 
laps the  parietal;  an  adaptation  which  mainly  strengthens  the 
arch  of  the  skull  at  the  sides,  and  prevents  the  lateral  expansion 
of  the  buttresses. 

WoEMiAN  III  tlie  mastoid  suture  more  frequently  than  in 

Bones.  any  other,  we  meet  with  what  are  termed  '  Wor- 

mian f  bones,'  or  '  ossa' triquetra.'  They  are  like  little  islands  of 
bone,  developed  from  distinct  centres,  in  the  membrane  which 
connects  the  cranial  bones.  They  vary  in  number  and  size.  In 
the  Museum  of  the  College  of  Surgeons  there  is  the  hydrocephalic 
skull  of  an  adultj  (from  the  collection  of  the  late  Mr.  Liston),  m 
which  there  are  upwards  of  one  hundred  of  these  Httle  bones. 

*  The  old  anatomists  call  this  the  •  additamentum  suturte  lamMoidalis  '  This 
old  name,  as  well  as  others  mentioned  in  the  text,  e.g.  'coronal,  sagittal,  and 
'lambdoid,'  are  gradnally  falling  into  disuse,  and  giv.ng  place  to  more  appro- 
priate terms,  derived  from  the  bones  connected,  as,  '  inter-parietal,  '  fronto-parietal, 

''°'t  So  caUed  after  Olaus  Wormius,  a  physician  of  Copenhagen,  to  .vhom  the  first 
description  of  these  '  complementary '  bones  has  been  assigned,-but  erroneously:  they 
were  known  to  Eustachius  and  Paracelsus. 
X  No.  3489,  Pathological  Series. 
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TiiAxsvEKSB  Of  the  sutures  which  connect  the  bones  of  the 

Frontal  Sutcre.  cranium  with  the  face,  there  is  one  which  deserves 
notice,  as  being  very  comprehensive.  It  is  called  the  '  transverse 
frontal  sutiu-e.'  It  extends  from  the  external  angular  process  of 
the  frontal  bone,  from  one  side  to  the  other,  across  both  orbits  and 
the  root  of  the  nose  (Plate  XVIII.).  It  connects  the  frontal  with 
the  malar,  sphenoid,  ethmoid,  lachrymal,  superior  maxillary,  and 
nasal  bones.  Other  short  sutures,  such  as  the  '  spheno-malar,' 
'  spheno-parietal,'  '  zygomatic,'  etc.  speak  for  themselves. 

We  said  that  a  knowledge  of  the  sutures  concerns  midwifery. 
It  enables  us  to  say  which  way  the  head  of  the  child  is  presenting. 
If  we  feel  the  meeting  of  the  three  sutures  at  the  top  of  the  occi- 
pital bone,  we  know  the  back  of  the  head  presents ;  if,  again,  we 
feel  the  'anterior  fontanel le,'  or  lozenge-shaped  space  where  four 
sutures  meet  (page  62),  we  know  it  is  a  forehead  presentation. 


THE  SKULL-CAP. 

Sktjll-cap,  The  skull-cap  forms  a  beautiful  oval  dome  for  the 

OuTEK  SuBFACE.  protectiou  of  the  brain.  We  all  know  the  outward 
form  of  the  head,  and  that  the  greatest  breadth  of  it  is  about  the 
parietal  protuberances.  In  a  well-formed  Em-opean  head,  if  we 
look  at  the  skull-cap  from-  above  (the  beginning  of  the  sagittal 
suture  being  in  the  centre  of  the  perspective  plane),  we  see  scarcely 
anything  but  the  smooth  expanded  vault  of  the  cranium.  But  in 
the  Negro  and  the  Australian,  the  narrowness  of  the  temples  allows 
the  zygomata  to  come  into  view,  and  in  the  most  'prognathous ' * 
examples,  the  incisor  teeth  appear  in  front  of  the  frontal  sinuses. 

FofiAMiN-A.  ^°  surface  of  the  skull-cap  are  a  mul- 

titude of  minute  foramina,  which  transmit  blood- 
vessels from  the  pericranium  into  the  substance  of  the  tone. 
Hence,  if  this  membrane  be  torn  off  dm-ing  life,  the  bone  bleeds 
through  minute  pores.  We  observe  on  each  side  of  the  sagittal 
suture  the  '  foramen  parietale,'  which  transmits  a  vein  from  the 
outside  into  the  great  longitudinal  sinus :  sometimes  a  small  artery 

*  'Pr.jgnathous'  signifioa,  'with  prominent  jaws.' 
I  2 
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runs  with  it,  and  communicates  with  a  branch  of  the  middle 
Tempohal         meningeal.    Along  the  side  of  the  skull-cap  we 
EiDOB.  observe  the  curved  line  called  the  temporal  ridge 

(Plate  XIX.).  It  indicates  the  attachment  of  the  temporal  apo- 
neurosis, and  runs  along  the  side  of  the  frontal  and  parietal  bones. 

Tbmpobal  The  ridge  circumscribes  the '  temporal  fossa,'  which 

Fossa.  is  formed  by  the  frontal,  parietal,  temporal,  sphe- 

noid, and  malar  bones.  The  fossa  gives  origin  to  the  temporal 
muscle,  of  which  the  tendinous  rays,  converging  beneath  the 
zygoma,  are  inserted  into  the  coronoid  process  of  the  lower  jaw. 
The  size  of  the  temporal  fossa  in  all  animals  depends  upon  the  size 
of  the  temporal  muscle.  Hence  it  is  largest  in  the  carnivora.  In 
these  animals  the  fossa  occupies  the  whole  side  and  upper  part  of 
the  skull,  and  is  increased  in  extent  by  bony  ridges  growing  from 
the  frontal,  parietal,  and  occipital  bones ;  so  that  their  enormous 
temporal  muscle  almost  completely  covers  the  cranium. 
Sktoi-cap,  On  the  inner  surface  of  the  skull-cap  we  observe 

Innbb  Suepace.   1  ^  the  groove  in  the  middle  line,  which  gradually 

becomes  broader  as  we  trace  it  backwards,  for  the  gTeat  longitu- 
dinal sinus  ;  2,  on  either  side  of  this,  especially  in  old  skulls,  are  a 
number  of  inegular  excavations,  occasioned  by  the  so-called  'Pacchi- 
onian bodies,'  or  '  glands  of  Pacchioni ' ;  *  3,  grooves  for  the  rami- 
fications of  the  '  arteria  meningea  media.'  The  main  groove,  at 
first  sometimes  a  complete  canal,  is  seen  at  the  anterior-inferior 
angle  of  the  parietal  bone ;  from  thence  we  trace  its  wide-spreading 
branches  over  the  frontal  and  parietal  bones :  one  of  considerable 
size  often  traverses  the  posterior-inferior  angle  of  the  pai-ietal.  In 
fractures  of  the  skull,  the  arteries  running  in  these  grooves  are 
liable  to  be  injured,  and  thus  occasion  an  effusion  of  blood  between 
the  bone  and  the  dura  mater,  producing  compression  of  the  brain. 

Thickness  of  The  skuU-cap  differs  in  thickness  in  different 
THE  Skull-cap.  parts.  This  is  easily  ascertained  by  holding  it  to 
the  light.   As  a  rule,  it  is  thicker  in  parts  which  are  most  exposed 

•  *  These  bodies  are  developed  from  the  '  arachnoid'  or  serous  membrane  investing 
the  brain,  beneath  the  'dura  mator.'  which  thoy  perforate,  and  thus  come  to  press 
immediately  on  the  bony  vault  of  the  skull.  Vide  Quain's  '  Anatomy,  vol.  u.,  p.  S7b, 
8th  edition. 
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to  injiirj, — as  at  the  frontal,  parietal,  and  occipital  eminences,  also 
along  the  course  of  the  longitudinal  sinus.    It  is  thinnest  in  the 
temporal  region.    If  one  were  asked,  what  is  about  the  ordinary 
thickness  of  an  adult  skull,  one  would  say,  about  one-fifth  of  an 
inch.    But  then  it  would  be  right  to  add,  that  it  varies  very  mucli 
at  different  periods  of  life.    In  the  anatomical  museum  at  Pavia 
there  is  the  skull-cap  of  a  child,  in  which  a  hole  was  pecked  by  the 
beak  of  an  angi-y  cock.    Whoever  is  in  the  habit  of  making  post- 
mortem examinations  soon  observes  how  much  skulls  vary  in 
thickness,  even  in  persons  of  the  same  age,  and  this  without  any 
obvious  reason.    Grenerally  speaking,  any  cause  which  produces  a 
chronic  congestion  of  the  vessels  of  the  head,— such  as  habits  of 
intemperance,— will  increase  the  thickness  of  the  skull.    For  the 
same  reason  constant  exposure  to  the  action  of  the  sun  will  thicken 
and  indurate  the  skull-cap.  The  observation  of  Ferodotus  *  is  pro- 
bably correct,  when  he  says  that  « the  Egyptians  have  thick  skulls 
because  they  expose  their  shorn  heads  to  the  heat  of  the  sun ; 
whereas  the  Persians  have  thin  and  soft  skulls,  because  they  cover 
them  with  turbans  from  infancy.'    A  severe  blow  may  thicken  the 
skull.    The  late  Mr.  Quekett  had  in  his  possession  part  of  a  skull- 
cap nearly  an  inch  in  thickness.    It  belonged  to  a  gentleman  who 
received  a  blow  on  his  head  some  years  before  his  death.  He 
recovered  perfectly,  to  all  appearance,  from  the  effects  of  the  injury. 
By-and-by,  however,  his  head  began  to  grow  larger;  but  this, 
strange  to  say,  was  first  discovered  by  his  hatter,  who  found  it 
necessary  from  time  to  time  to  give  him  a  larger  hat. 

In  very  old  persons,  the  skull-cap,  owing  to  the  absorption  of 
the  diploe,  becomes  in  some  parts  not  thicker  than  a  shilling.  Not 
only  the  skull,  but  all  the  bones  become  much  lighter  in  old  age. 
.Soemmerring  says  the  skull  of  a  centenarian  is  two-fifths  lighter 
than  in  middle  age. 

muT'''  '^^^  ^""^^  ^^riace  of  the  skull-cap  is  marked  by 

pRR.'^sroNs.  the  cerebral  convolutions,  so  that  it  takes,  to  a 

certain  extent,  an  impression  of  the  brain.  But  it  cannot  be  said 
with  truth  that  a  particular  impression  on  the  inner  surface  has  a 
corrcTHponrling  bump  outside.     A  glance  at   any  skull-cap '  is 

*  'Thalin,' xii. 
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sufficient  to  prove  this.  The  depressions  occasioned  by  the  con- 
volutions take  place  at  the  expense  of  the  diploe ;  and  even  the 
external  bumps  are  often  caused  by  a  mere  thickening  of  the  outer 
table.  On  the  other  hand,  it  holds  good,  as  a  general  rule,  that  the 
external  form  and  dimensions  of  the  cranium  may  be  taken  as  a 
general  expression  of  the  corresponding  lobe  of  the  brain,  whether 
in  the  frontal,  the  parietal,  or  the  occipital  region.  The  general 
characters  of  the  brain,  then,  may  be  ascertained  by  external 
examination,  but  not  the  individual  detail. 

Veins  of  the  The  diploe  of  the  skull-cap  is  traversed  by  nu- 

DiPLOE.  merous  venous  canals.    These,  as  shown  in  the 

following  cut  (fig.  21),  are  of  considerable  size,  and  are  best  dis- 
played by  filing  off  the  outer  table.  Their  course  is  by  no  means 
so  regular  as  they  are  commonly  drawn ;  but,  in  a  general  way,  we 
may  speak  of  the  frontal,  temporal,  and  occipital  '  diploic '  veins. 
The  two  former  discharge  their  blood  into  the  veins  on  the  out- 
side of  the  cranium;  the  latter  generally  open  into  the  lateral 
sinus.    After  injuries  of  the  head,  these  veins  are  liable  to  in- 


VENOUS  CANALS  IN  THE  DIPLOE. 


Fig.  21. 


flammation,  and  thus 
give  rise  to  pas  in  the 
diploe,  which  may  pro- 
duce all  the  symptoms 
and  disastrous  results  of 
pyaemia.  Hence  the  oc- 
casional occurrence  of 
visceral  abscesses,  espe- 
cially hepatic,  after  in- 
juries of  the  head, — a 
circumstance  which  had 
not  escaped  the  notice 
of  the  old  surgeons. 
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BASE  OF  THE  SKULL  AS  SEEN  FEOM  WITHIN. 

By  referring  to  Plate  XXIII.  it  is  seen  that  the  base  of  the 
ekull  presents,  on  each  side,  three  foss^, — an  anterior,  a  middle, 
and  a  posterior, — respectively  corresponding  to  the  anterior  and 
middle  lobes  of  the  cerebrum,  and  to  the  cerebellum.*  These 
several  fossae  are  marked  by  the  cerebral  convolutions,  just  as 
much  as  the  skull-cap ;  but  phrenologists  take  no  notice  of  these 
convolutions,  and  have  omitted  to  assign  any  office  to  them.  All 
their  '  organs '  ai'e  placed  at  the  top  and  sides  of  the  brain ; — why 
are  there  none  at  the  base  ? 

A-vTEEioE  '^^^  anterior  fossa  of  the  cranium  is  formed  by 

Fossa  of  the  the  orbital  plates  of  the  frontal,  the  cribriform 
plate  of  the  ethmoid,  with  the  front  part  of  the 
body  and  the  lesser  wings  of  the  sphenoid.  The  points  to  be 
noticed  in  this  fossa  are  as  follows  :  1.  The  '  foramen  coecum,'  which, 
if  pervious,  generally  transmits  a  vein  from  the  nose  into  the 
longitudinal  sinus.  2.  The  groove  for  the  'anterior  meningeal 
artery,'  one  of  the  secondary  branches  of  the  ophthalmic.  3.  The 
'  crista  galli,'  which  gives  attachment  to  the  falx  cerebri.  4.  The 
slit  for  the  'nasal  nerve,'  a  branch  of  the  first  division  of  the  fifth 
nerve.  5.  The  '  olfactory  groove,'  perforated  by  foramina,  which 
give  passage  to  the  filaments  of  the  olfactory  lobes.  6.  The  '  an- 
terior orbital  foramen '  on  the  outer  side  of  the  olfactory  groove, 
for  the  transmission  of  the  nasal  nerve  and  anterior  ethmoidal 
vessels.  7.  The  '  posterior  orbital  foramen,'  at  the  hinder  extremity 
of  the  olfactory  groove,  immediately  in  front  of  the  body  of  the 
sphenoid;  it  transmits  the  posterior  ethmoidal  vessels.  8.  The 
'foramen  opticum,'  which  transmits  the  optic  nerve  and  ophthal- 
mic artery.  9.  The  'olivary  process,'  which  supports  the  com- 
missure of  the  optic  nerves.  ]  0.  The  '  anterior  clinoid  process,' 
which  gives  attachment  to  the  tentorium  cerebelli. 

MtDDLE  Fos8A  The  middle  fossa  of  the  cranium  supports  the 
ov  THB  Ckamium.     middle  cerebral  lobe,  and  is  formed  by  the  great 

*  The  posterior  lobe  of  the  corobrum  rests  upon  the  '  tentorium  corobolli,'  and  not 
upon  \Kmo. 
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•wing  of  the  sphenoid,  the  squamous  and  petrous  portions  of  the 
temporal  bone.  The  points  to  be  noticed  in  this  fossa  are  as  follows: 
— 1.  '  The  sphenoidal  fissure  '  between  the  wings  of  the  sphenoid 
leads  to  the  orbit,  and  transmits  the  3rd,  the  4th,  the  first  division 
of  the  5th,  and  the  6th  nerves,  also  filaments  of  the  sympathetic 
nerve  and  the  ophthalmic  vein.  2.  The  '  foramen  rotundum ' 
gives  passage  to  the  superior  maxillary,  or  second  division  of 
the  5th  nerve.  3.  The  '  foramen  ovale '  gives  passage  to  the 
inferior  maxillary,  or  third  division  of  the  5th  nerve,  and  also  to 
the  arteria  meningea  parva.*  4.  The  '  foramen  spinosum  '  gives 
passage  to  the  arteria  meningea  media  and  its  two  veins — the 
main  trunk  of  this  artery  grooves  the  squamous  part  of  the  tem- 
poral and  the  anterior-inferior  angle  of  the  parietal  bone.  5.  The 
'  foramen  lacerum  medium '  is  blocked  up,  in  the  recent  state,  by 
fibro- cartilage :  through  this  cartilage  the  Vidian  (great  petrosal) 
nerve  enters  the  skull.  The  internal  carotid  artery  also  passes 
through  it.  6.  At  the  apex  of  the  petrous  portion  of  the  tem- 
poral bone  is  the  termination  of  the  '  carotid  canal '  through  which 
the  carotid  artery  enters  the  skull :  the  artery  then  winds  along 
the  groove  on  the  side  of  the  body  of  the  sphenoid.  7.  On  the 
front  surface  of  the  petrous  portion  of  the  temporal  bone  is  the 
'  hiatus  Fallopii,'  which  transmits  the  great  petrosal  nerve,  and' 
external  to  it  is  the  opening  of  the  canal  for  the  lesser  petrosal 
nerve.  More  posteriorly,  on  the  same  surface,  we  may  observe 
the  eminence  for  the  superior  semicircular  canal.  8.  In  the 
centre  of  the  sphenoid  is  the  '  pituitary  fossa,'  for  the  reception 
of  the  pituitary  gland.  9.  The  'posterior  clinoid  process,'  like 
the  anterior,  gives  attachment  to  the  '  tentorium  f  cerebelli,'  a 
process  of  the  dura  mater  which  supports  the  posterior  lobes  of 
the  brain. 

PosTBBioE  '^^^  posterior  fossa  is  the  largest  and  deepest 

Fossa  of  the  of  the  cranial  fossae,  and  is  formed  by  the 
Cbantom.  occipital  bone,  the  petrous  and  mastoid  parts  of 

the  temporal  bone.  It  supports  the  cerebellum.  Proceeding 
from  before  backwards,  we  observe,  in  the  middle  line :  1.  The 

*  And  sometimes  the  lessor  petrosal  uorvo. 

t  This  'tentorium'  is  ossifiod  in  tlie  Carnivora  and  other  Mammalia. 
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'  basilar  groove,'  which  supports  the  medulla  oblongata  and  the 
pons.  2.  On  each  side  of  this  is  the  groove  for  the  'inferior 
petrosal  sinus.'  3.  Along  the  top  of  the  petrous  bone  is  the 
groove  for  the  'superior  petrosal  sinus.'  4.  Both  these  sinuses 
terminate  in  the  '  great  lateral  sinus,'  which  is  seen  grooving, 
successively,  the  occipital,  posterior-inferior  angle  of  the  parietal, 
mastoid  part  of  the  temporal,  and,  last  of  all,  the  jugular  process 
of  the  occipital  bone.  It  is  worth  remembering  that  a  line  drawn 
on  the  outside  of  the  head,  from  the  occipital  protuberance  to  the 
front  border  of  the  mastoid  process,  corresponds  with  the  lateral 
sinus. 

On  the  posterior  aspect  of  the  petrous  part  of  the  temporal 
bone  is — 5.  The  '  meatus  auditorius  internus,'  for  the  facial  and 
auditory  branches  of  the  seventh  nerve  and  the  little  auditory 
artery.  6.  Some  distance  behind,  and  rather  below  the  meatus, 
is  the  '  aqueductus  vestibuli,'  somewhat  concealed  by  an  overhang- 
ing ridge  of  bone.  This  '  so-called '  aqueduct  transmits,  if  any- 
thing:, a  small  vein  from  the  vestibule  of  the  ear. 

Behind  the  basilar  process  is — 7.  The  'foramen  magnum,'  which 
transmits  the  spinal  cord  and  its  membranes,  the  vertebral  arteries, 
and  the  spinal  accessory  nerves.  8.  On  each  side  of  the  foramen 
magnum  are  the  '  condyloid  foramina,'  of  which  the  '  anterior ' 
transmits  the  hypoglossal  or  9th  nerve  (motor  nerve  of  the  tongue)  ; 
the  '  posterior,'  a  vein  from  the  outside  of  the  skull  into  the  lateral 
sinus.  9.  The  '  mastoid  foramen  '  also  transmits  a  vein  from  with- 
out into  the  lateral  sinus.  10.  Lastly,  the  'foramen  lacerum 
posterius '  transmits  the  three  divisions  of  the  8th  nerve  and  also 
the  blood  from  the  lateral  sinus  into  the  internal  jugular  vein. 
The  nerves  pass  through  the  anterior  part  of  the  foramen,  which 
is  separated  from  the  posterior  by  a  bony  ridge. 
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BASE  OF  THE  SKULL  AS  SEEN  FROM  BELOW. 
(Platks  XXIV.,  XXV.) 

The  base  of  the  skull  comprises  such  a  wide  area,  that  it  is 
desirable  to  draw  certain  limitary  lines.  If,  then,  a  line  be  drawn 
from  the  first  incisor  tooth  on  each  side,  backwards  to  the  mastoid 
process,  and  another  transversely,  from  one  mastoid  process  to  the 
other,  we  shall  describe  a  triangle  within  which  are  contained  all 
the  parts  visually  spoken  of  as  at  the  base  of  the  skull. 

Arch  of  the  Commencing  at  the  fi-ont,  we  observe  the  arch 

Palate.  of  the  'hard  palate,'  formed  by  the  superior 

maxillary  and  palate  bones :  its  '  middle '  and  '  transverse '  sutures 
cross  each  other  at  right  angles.  A  pin  introduced  at  the  point  of 
crossing  would  touch  five  bones,  the  5th  being  the  vomer.  Gene- 
rally speaking,  when  the  palate  presents  a  fine  arch,  free  from 
contraction  in  any  direction,  the  voice  is  clear  and  sonorous.  The 
best  singers  have  always  well-formed  palates.  Observe  how  rugged 
its  surface  is  for  the  lodgment  of  the  palatine  glands,  and  how  it  is 
riddled  with  minute  holes  for  the  passage  of  blood-vessels.  Behind 
the  incisor  teeth  is  the  '  anterior  palatine  canal.'  This  is  a  single 
orifice  below,  but  double  above,  so  as  to  open  separately  into  each 
nostril.  It  transmits  the  anterior  palatine  vessels  and  naso- 
palatine nerves.*  Near  the  last  molar  tooth  is  the  orifice  of  the 
'  posterior  palatine  canal,'  formed  conjointly  by  the  palate  and 
superior  maxillary  bones :  and  from  this  we  trace  forwards  the 
'  palatiae  groove '  for  the  lodgment  of  the  descending  palatine  vessels 
and  the  large  palatine  nerve.  Lastly,  there  is  the  'ridge'  on 
the  palate  bone  for  the  attachment  of  the  '  tensor  palati,'  and  the 
'  posterior  nasal  spine,'  to  which  is  attached  the  '  azygos  uvulae.' 

PosTEKioB  Behind  the  palate  we  observe  the  'posterior 

Openings  OP  Nose,  openings  of  the  nasal  fossce,'  separated  by  the 
sharp  edge  of  the  vomer.  Each  opening  is  somewhat  oval,  about 
one  inch  in  the  long  diameter  and  half  an  inch  in  the  transverse. 
We  should  remember  this  in  plugging  the  nostril.    It  is  bounded, 

*  For  II  more  minute  description  of  the  iintorior  palatine  canal,  see  p.  96. 
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above,  l)y  the  body  of  the  sphenoid  and  the  sphenoidal  process 
of  the  palate  bone ;  below  by  the  horizontal  plate  of  the  palate ; 
outside,  by  the  internal  pterygoid  plate  of  the  sphenoid ;  and 
inside,  by  the  vomer.  On  the  roof  of  each  we  notice  the  ex- 
panded '  wings '  of  the  vomer,  which  receive  between  them  the 
'  rostrum  '  of  the  sphenoid  ;  and  also  the  '  pterygo-palatine  canal.' 
This,  as  its  name  implies,  is  formed  conjointly  by  the  pterygoid 
plate  of  the  sphenoid  and  the  sphenoidal  process  of  the  palate 
bone,  and  transmits  nothing  of  importance  beyond  a  branch  of  the 
.internal  maxillary  artery  and  a  pharyngeal  nerve  from  Meckel's 
ganglion  to  the  top  of  the  pharynx. 
Pteetgoid  On  each  side  of  the  nasal  openings  are  the 

'pterygoid  processes'  of  the  sphenoid.  These 
pterygoid  processes  answer  three  purposes: — 1.  They  bound  the 
posterior  openings  of  the  nose.  2.  They  act  as  buttresses  to  sup- 
port the  upper  jaw-bones  behind.  3.  They  serve  for  the  origin  of 
the  powerful  pterygoid  muscles  which  grind  the  food.  From  the 
pterygoid  fossa,  or,  more  strictly,  from  the  inner  surface  of  the 
external  pterygoid  plate  and  the  back  of  the  tuberosity  of  the 
palate  bone  which  fits  into  the  gap  between  the  pterygoid  pro- 
cesses, arises  the  '  pterygoideus  internus ; '  while  the  outer  surface 
of  the  same  plate  and  the  adjacent  outer  aspect  of  the  tuberosity 
of  the  palate  bone  give  origin  to  the  '  pterygoideus  externus.'  At 
the  base  of  the  internal  plate  is  the  scaphoid  fossa,  for  the  origin  of 
the  'tensor  palati ;'  and  at  the  apex  is  the  beautiful  pulley, 
termed  the  '  hamular  process,'  round  which  the  tendon  of  this 
muscle  turns.  Besides  this,  the  hamular  process  gives  origin  to 
part  of  the  '  superior  constrictor '  of  the  pharynx.  Immediately 
above  the  '  scaphoid  fossa,'  we  notice  the  posterior  orifice  of  the 
Vidian  canal. 

Proceeding  backwards  from  the  base  of  the  pterygoid  processes, 
we  come  next  upon  the  great  foramina  at  the  base  of  the  skull, 
most  of  which  we  have  already  seen  in  the  examination  of  the  base 
from  within.  In  the  great  wing  of  the  sphenoid  there  is  the 
'  foramen  ovale       behind  this  is  the  'foramen  spinosum  and 

*  The  foramen  rotnndum  cannot  \)0  scon  iit  tho  iiiffrior  pnrt  of  tlio  base  of  tlio 
«knll:  IfK)k  for  it  at  tho  h>ack  of  tho  orbit. 
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still  farther  back  is  the  apex  of  the  wing,  termed  the  '  spinous  pro- 
cess,' which  is  wedged  between  the  squamous  and  petrous  bones, 
and  gives  attachment  to  the  internal  lateral  ligament  of  the  lower 
jaw  and  the  '  laxator  tympani.'  From  the  spinous  process  we  trace 
outwards  the  '  glenoid  fissm-e,'  which  runs  across  the  glenoid  cavity 
of  the  temporal  bone.  Between  the  sphenoid  and  petrous  bones  is 
the  canal  for  the  'Eustachian  tube'  (running  in  the  same  line  as 
the  fissura  Glaseri),  which  is  completed  in  the  recent  state  by 
fibro-cartilage. 

Petbods  The  petrous  portion  of  the  temporal  bone  is 

Eeoion.  wedged  in  between  the  sphenoid  and  the  basilar 

process  of  the  occipital.  Observe  that  the  apex  of  the  wedge  is 
cut  short,  so  that  an  irregular  opening  remains  between  the  three 
bones,  termed  the  '  foramen  lacerum  medium.'  In  the  perfect 
skull  this  space  is  filled  with  cartilage,  which  serves  the  purpose  of 
breaking  shocks  transmitted  to  the  base :  remember  that  through 
this  cartilage  pass  the  internal  carotid  artery,  surrounded  with 
iilaments  of  the  sympathetic  nerve,  and  the  Vidian  nerve.  The 
apex  of  the  petrous  bone  gives  origin  to  the  '  tensor  tympani ' 
and  '  levator  palati.'  In  the  middle  of  the  petrous  bone  is  the 
wide  orifice  of  the  carotid  canal  which  transmits  the  carotid  artery. 
Trace  this  canal,  and  you  will  find  that  it  does  not  enter  the 
skull  direct,  but  that  it  ascends  for  a  short  distance,  and  then 
runs  horizontally  forwards  and  inwards  through  the  petrous  bone, 
till  it  opens  at  the  apex  into  the  foramen  lacerum.  Thus  the 
carotid  artery  makes  two  curves,  like  the  letter  S,  before  it  enters 
the  skull— tbe  first  curve  in  the  bony  canal,  and  the  second  through 
the  cartilage  which  fills  up  the  foramen  lacerum.  This  disposition 
of  the  great  arteries  at  the  base  is  intended  to  check  the  force  of 
the  blood  on  its  passage  to  the  brain. 

Behind  the  carotid  canal  is  the  '  foramen  lacerum  posterius,' 
or  '  foramen  jugulare,'  another  opening  left  between  the  petrous 
and  occipital  bones.  The  size  and  shape  of  it  is  subject  to  great 
variety;*  but  it  is  generally  divided  by  a  projecting  tongue  of 
bone  into  an  anterior  part,  which  transmits  the  eighth  pair  of 

*  From  an  examination  of  many  skulls,  I  find  that  the  right  jugular  foramen  is 
larger  than  the  loft  in  i3oint  of  frequency,  as  2j^l. 
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nerves,  and  a  posterior,  which  is  by  far  the  larger,  for  the  passage 
of  the  blood  from  the  lateral  sinus  into  the  commencement  of  the 
internal  jugular  vein.  The  posterior  meningeal  arteries  (from 
the  occipital  and  ascending  pharyngeal  branches  of  the  external 
carotid)  also  enter  the  cranium  through  this  aperture. 

Fig.  22. 


DIAOBAH  OF  THE  EELATTVB  POSITIONS  OF  THE  HOEE  IMPOETANT  PAETS  AT  THE 

BA.SB  OF  THE  SKTTI.L. 

The  dotted  arrow  ehows  that  the  mastoid  process,  the  stylo -mastoid  foramen,  the 
styloid  process,  and  the  spinous  process  of  the  sphenoid  (represented  by  stars),  and  the 
Eustachian  tnbe  are  pretty  nearly  in  a  line. 

OuUide  the  arrow  are —  Inside  the  arrow  arc — 

1.  Scaphoid  fossa.  7.  Pterygo-palatine  canal. 

2.  Foramen  ovale.  8.  Foramen  lacenmi  medium. 

3.  Foramen  spinosum.  9.  Carotid  canal. 

4.  .Spinous  process.  10.  Foramen  jugulare. 

b.  Fissura  Olaseri.  11.  Notch  for  8th  pair  of  nerves. 

6.  Meatus  auditorius  extemus.  12.  Anterior  condyloid  foramen. 

Outside  the  foramen  lacerum  posterius  is  the  '  styloid  process,' 
projecting,  more  or  less,  beyond  the  '  vaginal  process '  at  its  root. 
Behind  thi.s  is  the  '  stylo-mastoid  foramen,'  through  which  the 
facial  nerve  emerges  from,  and  the  stylo-mastoid  artery  enters, 
the  skull.    Still  farther  back  is  the  mastoid  process  and  the 
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digastric  fossa  for  the  origin  of  the  digastric  muscle.  Internal  to 
this  fossa  may  generally  be  seen  the  groove  for  the  occipital 
artery. 

Basilae  Peo-  Lastly,  we  have  to  notice  how  the  basilar  process 
of  the  occipital  bone  projects  into  the  base  of  the 
skull,  so  as  to  join  the  body  of  the  sphenoid.  Here  it  forms  the 
roof  of  the  pharynx.  This  relation  is  of  practical  importance. 
It  is  well  to  know  that  the  basilar  process  is  within  reach  of  the 
finger  introduced  into  the  mouth,  and  that  we  can  explore  it 
satisfactorily,  so  as  to  determine  how  far  a  polypus  may  be  con- 
nected with  it.  It  affords  insertion  to  the  '  rectus  capitis  anticus 
major '  and  '  minor,'  and  (by  means  of  a  little  tubercle)  to  the 
aponeurosis  of  the  pharynx.  Behind  the  basilar  process  is  the 
'  foramen  magnimi.'  On  each  side  of  this  are  the  '  condyles '  of 
the  occiput,  with  the  '  anterior '  and  '  posterior  condyloid '  fora- 
mina ;  and  on  the  outside  of  each  condyle  is  the  jugular  eminence, 
which  gives  insertion  to  the  '  rectus  capitis  lateralis.' 

Position  of  the  ^  well-formed  European  skull,  the  plane  of 

Occipital  Foea-  the  occipital  foramen  is  horizontal  when  the  body 
is  erect,  and  its  anterior  extremity  is  about  half 
way  between  the  tuberosity  of  the  occipital  bone  and  the  incisors 
of  the  upper  jaw.  This  central  position  of  the  occipital  foramen 
and  the  condyles  is  one  of  the  great  peculiarities  of  man,  who  is 
destined  to  stand  erect.  His  head,  therefore,  is  almost  equally 
balanced  on  the  top  of  the  spine.  In  monkeys,  who  hold  a  middle 
rank  between  man  and  quadrupeds,  the  foramen  magnum  is  placed 
farther  back :  in  the  orang  outan,  it  is  about  twice  as  far  from  the 
foramina  incisiva  as  from  the  back  of  the  head.  Consequently, 
although  monkeys  can  stand  erect  for  a  time,  they  cannot  do  so 
long.  In  quadrupeds,  again,  the  foramen  magnum  is  still  nearer 
to  the  back  of  the  head,  and  its  plane  forms  a  considerable  angle 
with  the  horizon.  The  weight  of  the  head  in  quadrupeds  is 
sustained  not  by  the  spine,  but  by  an  elastic  lig-ament  of  great 
strength  (ligamentum  nuchas),  which  arises  from  the  lofty  spines 
of  the  dorsal  vertebra3,  and  is  fixed  to  the  middle  of  the  occiput. 
This  ligament  is  immensely  strong  in  the  elephant.  A  beautiful 
example,  this,  of  nature's  economy.    She  accomplishes  by  a  lowly 
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orgtinised  structure  an  object  which  must  else  have  been  gained 
by  powerfid  muscles  well  supplied  with  blood  and  nerves.  .  In 
other  words,  she  employs  mechanical  force  to  do  the  work  of  vital 
force. 

TEAIPOEAL,  ZYGOMATIC,  AND  SPHENO-MAXILLAKY  FOSS^. 

The  temporal  fossa,  of  which  the  description  has  already  been 
given  (page  116),  leads  into  the  zygomatic  fossa,  the  boundary 
between  them  being  the  crest  of  the  sphenoid  bone. 

Zygomatic  The  '  zygomatic  fossa '  is  bounded  externally 

by  the  zygomatic  arch,  which  not  only  serves  as  a 
strong  buttress  to  support  the  bones  of  the  face,  but  also  to  give 
origin  to  the  powerful  '  masseter "  muscle  which  closes  the  jaw.* 
In  front  of  the  fossa  there  is  the  back  part  of  the  superior  maxilla  ; 
at  the  bottom  of  it,  the  outer  pterygoid  plate  of  the  sphenoid, 
which  gives  origin  to  the  external  pterygoid  muscle.  At  the  deepest 
part  of  the  fossa  are  two  wide  fissm-es  at  right  angles  to  each 
other :  one,  nearly  horizontal,  leads  into  the  orbit,  and  is  called 
the  '  spheno-m  axillary  fissure  ; '  through  this  fissm-e  the  infra-orbital 
nerve  and  artery  enter  the  floor  of  the  orbit  to  reach  their  canal  in 
the  superior  maxillary  bone. 

Sphexo-maxil-  The  other  fissm-e,  nearly  vertical,  leads  to  the 
LAET  Fossa.  « spheno-maxillary  fossa,'  in  which  the  third  part  of 
the  internal  maxillary  artery  breaks  up  into  terminal  branches. 
Now  this  fossa  deserves  particular  notice,  because  there  are  five 
openings  into  it.  (Plate  XXVI.)  Observe,  first,  its  boundaries. 
In  front  it  is  bounded  by  the  back  of  the  superior  maxilla ;  behind, 
by  a  smooth  surface  at  the  base  of  the  pterygoid  process ;  inter- 
nally, it  is  separated  from  the  nasal  fossae  by  the  perpendicular 
plate  of  the  palate  bone. 

The  five  openings  into  the  spheno-maxillary  fossa  are  as 
follows : — 

*  The  zygomatic  arch,  in  all  animals,  bears  a  certain  proportion  to  the  size  of  tlio 
muscles  of  the  jaw  and  the  character  of  the  tcoth.  It  is  most  strongly  marked  in  Uio 
C^mivora.  In  them  it  is  arched  both  in  the  horizontal  and  the  vortical  direction  to 
giro  more  room  for  the  temporal  miisclo,  and  more  power  to  the  mussolor.  In  tho 
ant-eater,  which  has  no  teeth,  the  zygomatic  arch  is  incomplete. 
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Five  Openings  into  Spheno-maxillaey  Fossa. 


,   c  ,         ,       e  { transmits  into  the 

1.  Spheno-palatme  foramen  ^  ,  „ 

^       ^  (    nasal  fossa  . 

transmits  to  the 
palate  . 

transmits 

transmits 


2.  Posterior-palatine  canal 

3.  Foramen  rotundum 

4.  Vidian  canal  ,       .  , 


5.  Pterygo-palatine  canal  .  transmits 


Internal  or  nasal  branches  of  spheno- 
palatine ganglion. 
Nasal  or  spheno-palatine  branch  of  in- 
ternal maxillary  artery, 
j  Descending  palatine  artery  and  largo 
I    palatine  nerve. 

j  Superior  maxillary  nerve,  or  second 
I    division  of  fifth  pair. 
Vidian  artery  and  nerve. 
Pterygo-palatine  branch  of  internal 
maxillary    artery,    and  pharyn- 
geal nerve  from  Meckel's  gang- 
lion. 


THE  DEBITS. 

The  orbits,  or  sockets  for  the  eyes,  are  like  crypts  excavated 
beneath  the  cranium.  (Plate  XXVII.)  To  use  the  words  of  Sir 
Charles  BeU,  '  these  under  arches  are  groined  ; '  that  is  to  say,  they 
are  provided  with  strong  ribs  of  bone,  so  that  there  is  no  need 
of  thick  bone  iu  the  interstices  of  the  groinings.  The  plate  between 
the  eye  and  the  brain  is  as  thin  as  parchment :  but  look  how  strong 
is  the  arch  forming  the  orbital  margin,  and  what  a  strong  ridge  of 
bone  runs  up  from  the  zygoma,  like  a  buttress  to  support  the  side 
of  the  arch.  When  the  eye  is  retracted  in  its  socket,  the  margin 
of  the  orbit  is  more  than  strong  enough  to  protect  it  from  the 
effects  of  violence. 

Each  orbit  is  pyramidal,  with  the  apex  behind.  Their  axes 
are  not  parallel :  if  prolonged,  they  would  pass  through  the  optic 
foramina,  and  meet  behind  the  pituitary  fossa  of  the  sphenoid. 
This  divergence  gives  a  greater  range  of  vision. 

UppbbWallof  The  upper  wall  of  the  orbit  is  slightly  arched, 
Okbit.  and  formed  by  the  frontal  bone  and  lesser  wing  of 

the  sphenoid.*  On  this  wall  we  observe — 1,  the  optic  foramen; 
2,  the  fossa  beneath  the  external  angular  process  for  the  lachrymal 
gland;  3,  the  little  depression  for  the  pulley  of  the  'superior 

*  The  orbital  plates  of  the  frontal  bone  are  more  or  less  arched  in  different  skiiUs. 
Of  course,  the  more  they  are  arched  tlie  more  they  encroach  on  the  cranial  space,  and 
the  less  room  there  is  for  the  anterior  lobes  of  the  brain.  Compare  the  skull  of  a 
monkey  with  that  of  man  in  this  respect,  and  you  will  observe  a  marked  difference. 


PLATE  XXVI 
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oblique '  muscle ;  4,  the  supra-orbital  foramen  or  notch,  situated 
at  the  junction  of  the  inner  with  the  middle  third  of  the  orbital 


margin. 


LowkrWallob  '^^^  lower  wall  of  the  orbit  slopes  downwards 
Floor  OF  THE  and  outwards,  and  is  formed  by  the  orbital  plate 
of  the  superior  maxilla,  by  part  of  the  malar 
bone,  and  behind  by  the  orbital  plate  of  the  palate  bone.  On  this 
wall  there  is  nothing  to  observe,  except  the  groove  for  the  infra- 
orbital nerve. 

LvKEE  Wall  of  The  inner  wall  (Plate  XXVI.)  is  formed  by  the 
nasal  process  of  the  superior  maxilla,  by  the 
lachrymal,  the  os  planum  of  the  ethmoid,  and  part  of  the  body  of 
the  sphenoid  bone.  Here  we  observe  the  groove  for  the  nasal  duct, 
formed  conjointly  by  the  nasal  process  of  the  superior  maxilla,  the 
lachrymal,  and  the  inferior  spongy  bone.  Its  direction  is  downwards, 
backwards,  and  a  little  outwards,  and  it  leads  into  the  inferior 
meatus  of  the  nose.  Besides  this,  there  are  the  '  anterior  and  pos- 
terior ethmoidal  foramina.'   (See  note,  p.  67.) 

OctebWallof  The  outer  wall  of  the  orbit  is  formed  by  the 
Orbit.  ^^^^^  ^^^^       ^j^^  Orbital  plate  of  the  great  wing 

of  the  sphenoid.  Here  we  notice  one  or  two  small  foramina  (malar 
canals),  which  transmit  small  nerves  from  the  orbit  to  the  skin  of 
the  cheek  and  temple.  (See  p.  99.)  Observe  that  the  outer  wall 
of  the  orbit  recedes  more  than  the  other  parts  of  its  circumference, 
in  order  to  give  a  gi-eater  range  of  vision  externally.  This  range 
is  such  that  by  simply  rotating  the  head  on  each  side  of  the  spine, 
we  can  see  all  round. 

Bones  compos-        Thus,  seven  bones  enter  into  the  composition  of 
each  orbit:  panjely— the  frontal,  ethmoid,  and 
.sphenoid,  the  superior  maxilla,  the  malar,  the  lachrymal,  and  the 
palate;  but  there  are  only  eleven  bones  in  the  two  orbits,  since 
three  Ixjnes  are  common  to  both. 

Sphenoidal  A.VD       At  the  back  of  tlio  orbit  we  find  two  wide  fissures 
LT^Zi'       ^''^       ^"^^^^^^'^^  «f  blood-vessels  and  nerves.  The 
upper  one  is   the  '  sphenoidal  fissure,'  formed 
Ixjtween  the  greater  and  lesser  wings  of  the  sphenoid  bone.  It  leads 
into  the  cranium,  and  transmits  the  third  and  fourth  nerves,  the 
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ophthalmic  branch  of  the  fifth,  the  sixth  nerve,  some  filaments  of 
the  sympathetic  nerve,  and  the  ophthalmic  vein.  The  lower  one, 
termed  the  '  spheno-maxillary  fissure,'  leads  into  the  zygomatic 
fossa.  The  borders  of  this  fissure  are  formed  internally  by  the 
superior  maxillary  and  palate  bones,  externally  by  the  sphenoid. 
It  is  completed  in  front  by  the  malar.*  Through  this  fissure  the 
infra-orbital  artery  and  the  superior  maxillary  nerve  enter  the 
groove  along  the  floor  of  the  orbit. 

There  are  some  points  of  practical  interest  about  these  two 
fissures.    1.  Concerning  the  spheno-maxillary  fissure  we  should 
remember  that  in  blows  on  the  temple,  blood  is  apt  to  make  its 
way  through  the  fissure  into  the  orbit,  and  produce  ecchymosis 
rmder  the  conjunctiva.    2.  In  the  operation  for  the  removal  of  the 
superior  maxillary  bone,  we  saw  through  the  orbital  waU  into  the 
fissure,  so  that  it  is  requisite  to  know  its  precise  position.  Con- 
cerning the  sphenoidal  fissure,  we  should  know :  1.  That  in  fracture 
through  the  base  of  the  skull,  involving  this  fissure,  the  effused 
blood  is  Hkely  to  make  its  way  into  the  orbit  and  produce  ecchy- 
mosis of  the  conjunctiva,  which  is  therefore  an  unfavourable 
symptom.    2.  That  a  sharp  instrument  might  penetrate  through 
this  fissure  into  the  brain.    Surgery  has  such  cases  on  record. 
Here  is  one.     Henry  II.  of  France,  one  of  the  last  princes 
of  the  House  of  Valois,  was  mortally  wounded  (in  a  tournament 
held  in  1559,  on  the  occasion  of  the  marriage  of  Philip  II.  with 
Elizabeth  of  France)  by  Montgomery,  captain  of  the  body  guard. 
A  splinter  from  a  lance  entered  through  the  sphenoidal  fissure, 
stuck  fast,  and  could  not  be  extracted.    The  king  died  on  the 
eleventh  day.  • 

*  Except  in  cases  -where  the  sphenoid  and  superior  maxillary  come  into  contact, 
and  exclude  the  malar.    (See  7wte,  p.  84.) 


THE  SKULL  AS  A  WHOLE. 


131 


NASAL  POSSiE. 
(PlATE  XX.) 


These  cavities  open  widely  to  the  aii-  in  front  through  the 
nostrils,  and  behind  into  the  top  of  the  pharynx.  To  study  them 
properly  it  is  indispensable  to  have  a  skiill  divided  longitudinally 
on  one  side  of  the  septum,  so  that  we  can  examine  the  roof,  the 
floor,  the  outer  and  inner  surfaces  of  the  cavities. 

Xa^ITfo^'"^  ^^^^^  formed  by  the 

.  A>Ai.  oss^.        jjj^g^i  ^Q^gg^  ^^^^^  ^^.^^  frontal,  the 

cribnform  plate  of  the  ethmoid,  and  the  body  of  the  sphenoid. 
Observe  that  It  does  not  form  a  horizontal  line  from  before  back- 
wai-ds.    It  is  only  the  cribriform  plate  which  is  horizontal ;  from 
this  the  roof  slopes  forwards  towards  the  nose,  and  backwards  to- 
wards the  pharynx  :  therefore  the  vertical  depth  is  much  greater  in 
the  middle  than  elsewhere.   Notice  the  greater  thinness  of  the  cri- 
.  bnform  plate,  and  how  easily  an  instrument  might  be  thrust  through 
this  pari,  of  the  roof  into  the  brain.    Herodotus,^  in  his  excellent 
description  of  the  process  of  embalming  the  dead,  as  practised  by 
he  ancient  Egyptians,  mentions  that  they  di-ew  out  the  brain 
through  the  nostrils  with  an  iron  hook,  and  filled  up  the  vacuum 
by  mjecting  drugs.f  ^ 

nlatl^of  "^^^^y  and  is  formed  by  the  palate 

plates  of  the  superior  maxillary  and  palate  bones.    In  the  dry 
bones  we  notice,  on  each  side  of  the  septum,  the  orifice  of  the 
antenor  palatine  canal '  (p.  96). 

^^r.,  or  ™.       The  outer  wall  of  the  nasal  fosss  is  made  irre- 
gular  by  the  '  meatus '  or  passages  in  the  nose  and 

th  numerous  openings  leading  to  the  air-cells  excavated  n'tha 

neighbounng  bones.    It  is  formed  by  the  ethmoid  (including  its 
wo  turbinated  tones),  the  nasal,  the  superior  maxillary  the 

lachrymal,  .he  inferior  turbinated,  the  palate,  and  the  intern.1 

'  Eaterpe,'  chap.  80,  87,  88 

-'1  the  l..„..  ,r  the  „a«..l  Zo  or trdamuL  " 

veracitjr  rrf  the  aDcient  historian.  '      "'^'"•««t'ng  proof  of  the 
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pterygoid  plate  of  the  sphenoid.     Here  we  have  to  observe  the 
position  of  the  turbinated  bones  and  the  three  '  meatus '  or  passages 
of  the  nose.*    (Plates  XX.  and  XXI.)    Beneath  the  superior  tur- 
SupEBioE  binated  bone  lies  the  '  superior  meatus,'  into  which 

Meatus.  open  the  posterior  ethmoidal  cells  and  the  sphe- 

noidal cells.  At  the  back  part  of  this  meatus  is  the  spheno-palatine 
foramen,  which  leads  into  the  spheno-maxillary  fossa. 

Middle  Below  the  middle  turbinated  bone  is  the '  middle 

Meatus.  '  meatus.'    Into  this  open — 1,  towards  the  front, 

the  frontal  sinus  (or  cell),  along  a  passage  termed  the  '  infundibu- 
lum;'  2,  the  anterior  ethmoidal  cells  (distinct  from  the  posterior); 
3,  'the  antrum  or  maxillary  sinus.  The  orifice  of  the  antrum, 
observe,  is  large  and  in-egular  in  the  dry  bones ;  but  in  the  recent 
state  it  is  so  narrowed  by  mucous  membrane  that  it  will  just  admit 
a  crow-quill. 

iNFEnioB  Below  the  inferior  turbinated  bone  is  the  '  infe- 

Mbatus.  rior  meatus.'    No  air-cells  open  into  this  meatus  : 

there  is  only  the  termination  of  the  nasal  duct  or  channel  which 
conveys  the  tears  into  the  nose :  this  cannot  be  seen  without  re- 
moving part  of  the  turbinated  bone. 

To  facilitate  reference,  we  subjoin,  in  a  tabular  form,  the  respec- 
tive openings  into  the  several  '  meatus '  of  the  nose— 

The  sphenoidal  cells. 
The  posterior  ethmoidal  cells. 
/The  anterior  ethmoidal  cells. 
The  Middle  .    .    .    .  receives j  The  frontal  cells. 

iThe  antrum  maxillas. 
The  Inferior     .    •    •  receives  The  nasal  duct. 

Concerning  the  turbinated  bones,  it  should  be  noticed  that  the 
two  upper  (belonging  to  the  ethmoid)  are  delicately  channelled  for 
the  lodgment  of  the  olfactory  nerves.  The  lower  one  has  nothing 
to  do  with  the  sense  of  smeU,  and  is  coarser  in  its  texture.  It  is 
traversed  by  several  canals  and  grooves,  which  run  from  before 
backwards,  and  in  the  recent  state  contain  large  veins.   The  turbi- 

*  In  some  negro  skulls  tliere  are  four  ■  meatus;'  the  fourth  being  above  the 
superior  spongy  bone. 


The  Superior  Meatus  .  receives 


PLATE  XXVn 


Drawii  on  Stone  IsyT.  Goda-r-t 
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nated  bones  do  not  extend  throughout  the  whole  length  of  the  outer 
wall.  All  the  surface  in  front  of  a  perpendicular  line  let  fall 
from  the  frontal  spine  is  smooth,  as  is  also  all  the  surface  behind  a 
perpendicular  line  from  the  spheno-palatine  foramen. 

BoN-Es  FOEMiNa        ^hc  bouj  scptum  of  the  nose  (Plate  XX.)  is 
Se^um  of  the       formed  chiefly  by  the  perpendicular  plate  of  the 
ethmoid  and  the  vomer.    This  septum  is  one  of 
the  principal  supports  of  the  nasal  arch ;  a  piece  of  architecture  at 
once  hght  and  effective.  (Plate  XXI.  fig.  2.)  Accurately  speaking, 
however,  we  ought  to  mention,  as  assisting  in  the  formation  of  the 
septum,  the  nasal  spine  of  the  frontal,  the  crests  of  the  nasal, 
superior  maxillary,  and  palate  bones  ;  also  the  rostrum  or  crest  of 
the  sphenoid:  making  ten  bones  in  all.    The  triangular  interval 
left  m  the  septum  in  the  dry  skull  is  filled  up  in  the  perfect  one 
by  the  middle  cartilage  of  the  nose,  which  fits  into  a  fissure  in  the 
bone. 

The  posterior  openings  of  the  nasal  fossa  have  been  already 
described  in  the  '  base  of  the  skull '  (p.  122).  It  only  remains  to 
be  said  that  the  anterior  apertui-e  is  heart-shaped,  with  the  broad 
part  below.  It  is  bomided  on  either  side  by  the  nasal  bone,  and  by 
the  nasal  process  of  the  superior  maxilla :  below  it  is  bounded  by 
the  palatine  process  of  this  bone,  which  terminates  in  front  by  a 
sharp  projection,  termed  the  '  anterior  nasal  spine,'  the  prominence 
of  which  IS  a  marked  feature  in  the  higher  races  of  mankind.  It 
IS  very  diminutive  in  some  of  the  lower  races  and  quite  absent  in 
monkeys. 

General  Observations  on  the  Skull. 
Sktjll  a  Levek        The  entire  skull  represents  a  lever  of  the  first 

oIJrK  ""^^  ^^^^^^^  or  point  of 

support  F  (see  cut),  is  at  the  oc- 
cipito-atlantoid  articulation;  the  resistance  is 
the  weight  of  the  head  W;  the  power  P  is  the 
mass  of  muscle  attached  to  the  occiput.  The 
lever  is  not  exactly  balanced  on  the  top  of  tlie 
spine,  but  very  nearly  so  :  and  we  admire  this  as 
one  of  the  many  adaptions  of  the  human  skeleton 
for  the  erect  attitude. 
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Thhee  Latkus  more  one  examines  the  skull,  the  more  one 

OR  Tables  of  the  sees  reason  to  admire  its  construction  as  a  case 
for  the  protection  of  the  brain.  Let  us  briefly  notice 
a  few  of  the  more  striking  points  of  it.  Look  at  the  structure  of 
the  cranial  bones.  They  consist  of  three  layers — an  outer,  an  inner, 
and  an  intermediate  'diploe.'  The  outer  is  formed  of  compact 
and  tough  bone ;  the  inner  is  harder,  but  more  brittle  (hence  called 
'  tabula  vitrea ')  ;  while  the  diploe  is  softer  and  spongy,  to  prevent 
the  transmission  of  shocks.  Altogether,  then,  this  structure  may 
be  coarsely  compared  to  a  case  composed  of  wood  outside,  porce- 
lain inside,  and  soft  leather  between  the  two. 

The  different  structure  of  these  three  layers  or  '  tables '  of  the 
skull  is  interesting  to  us,  practically,  as  surgeons.  In  blows  on  the 
head,  the  inner  table,  in  consequence  of  its  great  brittleness,  is 
likely  to  be  broken  more  extensively  than  the  outer.  Cases  indeed 
have  occurred,  where  the  inner  table  has  been  broken  without  any 
injiu"y  to  the  outer.  In  sabre  cuts  penetrating  the  skull-cap  as 
deep  as  the  inner  table,  Mr.  Guthrie  *  says,  that  although  the  cut 
through  the  outer  table  may  be  only  a  simple  incision  without  any 
depression,  yet  the  inner  table  will  be  broken  almost  always  to  a 
greater  extent  than  the  outer :  indeed,  it  may  be  separated  from  it, 
and  driven  into  the  membranes  if  not  into  the  substance  of  the 
brain.  Hence  the  necessity  of  examining  these  cases  very  care- 
fully, in  order  to  ascertain  if  there  be  any  parts  of  the  inner  table 
depressed,  and  to  remove  them.f 

Fio.  24.  Mechanical  Consider  that  the  bones 

Locking  of  the  are  mechanically  locked 
together  by  the  sutures ; 
and  that  in  the  recent  state  there  is  a 
thin  layer  of  animal  matter  between  their 
edges,  to  prevent  jarring.  The  Eddystone 
Lighthouse  is  constructed  on  the  same 
plan.  Look  at  the  vaulted  form  of  the 
cranium,  the  very  best  adapted  to  resist 

*  '  Commcntnrics,'  Lecture  xviii. 

t  Another  reason  why  the  inner  table  is  ofton  more  ostensively  splintered  than  the 
outer  is,  that  it  is  the  Inst  table  reached  by  the  force  which  inflicts  the  damage.  The 
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compression.  Whoever  knows  the  strength  of  an  egg-shell,  can 
understand  what  hard  blows  the  cranium  wiU  bear.  Most  of  the 
bones  mutually  support  each  other,  by  having  their  edges  bevelled 
alternately  on  opposite  sides,  as  in  the  frontal  sutm-e ;  or  by  one 
overlapping  the  other,  as  in  the  squamous  suture,  where  the  tem- 
poral prevents  the  '  starting'  of  the  parietal  bone  (see  cut,  fig.  24). 
The  effect  of  this  is,  that  no  single  bone  can  be  taken  out  of  the 
cranium  without  separating  the  whole  fabric.  When  we  wish  to 
separate  the  bones,  we  do  so,  not  by  force  from  without,  but  by 
force  from  within  the  skull ;  that  is,  by  introducing  peas,  which, 
when  moistened  with  water,  swell,  and,  by  pressing  equally  in  all 
directions,  disjoint  the  bones. 

Geoks  along  Notice  how  the  interior  of  the  dome  is  strength- 
THE  Srs-usEs.  ened  by  '  ribs '  or  '  groins  '  of  bone,  which  run  in 

the  line  of  the  principal  sinuses.  One  rib  extends  from  the  centre 
of  the  frontal  bone  to  the  foramen  magnum,  and  spans  from  before 
backwards  the  whole  arch  of  the  cranium.  Another  crosses  trans- 
versely the  back  part  of  the  occipital  bone ;  the  point  of  inter- 
section of  these  two  ribs  being  at  the  occipital  protuberance,  which 
is  therefore  the  thickest  and  strongest  part  of  the  skull,  for  this, 
if  for  nc  other  reason,  that  when  a  man  fall  backwards,  it  is  the 
part  which  first  comes  to  the  ground. 

BcTTKEssEsoF  Llkc  all  othcr  arches,  the  cranium  transmits 
THE  Skull.  .  shocks  towards  its  buttresses:  these  are  firmly 
wedged  into  the  base,  and  all  meet  at  the  centre,  that  is,  at  the 
body  of  the  sphenoid.  Looking  at  the  different  regions,  we  find 
that  the  frontal  part  of  the  arch  is  supported  by  the  wings  of  the 
•syjhenoid  and  the  malar  bones,  the  parietal  part  by  the  temporal 
bones,  and  the  occipital  part  supports  itself  by  running,  wedge- 
like, into  the  base,  and  abutting  on  the  sphenoid.  A  knowledge 
of  the  buttresses  which  support  the  respective  parts  of  the  skull- 
cap affords  an  explanation  of  the  direction  which  fractures  gene- 
rally take  along  the  base  of  the  skull,  according  as  the  injury  has 
been  received  on  the  frontal,  the  parietal,  or  the  occipital  region 
of  the  cranium. 

apfTtnre  of  exit  r/f  a  bullet  in  hirger  than  that  of  itn  entry.  (See  Erichsen,  •  Science 
ana  Art  of  Snrgeiy.') 
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Power  OF  EE-  Beclard,  Velpeau,  Malgaigne,  and  generally 
sisTiNQ  Shocks.  the  older  French  school,  advocate  the  doctrine 
that  the  cranium  resists  shocks  after  the  manner  of  other  spheres, 
namely,  that  a  blow  struck  on  one  side  is  transmitted  to  the  oppo- 
site one ;  as  when  a  glass  tumbler,  struck  smartly  with  the  finger 
nail,  is  made  to  crack  on  the  opposite  side.  This  they  call  fractm-e 
by  '  contre-coup.'  But  the  modern  school  demurs  to  this  doctrine, 
and  contends  that  the  cranium  resists  shocks  like  all  architectm-al 
arches ;  and  that  vibrations,  instead  of  going  round  to  the  base 
direct,  are  lost  upon  the  supporting  pillars.  Now,  what  are  these 
pillars  ?  The  frontal  pillars  are  the  malar  and  sphenoid  bones— 
the  parietal  pillars  are  the  temporal  bones— the  occipital  pillars 
are  the  ribs  of  the  occipital  bone  itself.  When  the  head  is  struck, 
five  times  out  of  six  the  parietal  region  is  the  seat  of  injury.  The 
bone  breaks  at  the  part  struck,  and  the  fracture  runs  on  through 
the  temporal,  and  most  frequently  through  the  tympanum,  for  the 
very  good  reason  that  the  tympanum  is  the  weakest  part.  Observe 
how  many  excavations  there  are  in  the  bone  which  weaken  it 
about  this  part:  1,  there  is  the  'meatus  auditorius  externus'— 
2,  the  cavity  of  the  tympanum  itself— 3,  the  jugular  fossa— 4, 
the  carotid  canal— 5,  the  Eustachian  tube.  This  accounts  for 
the  frequency  of  hemorrhage  from  the  eat  in  cases  of  fracture  of 
the  base  of  the  skull. 

BnrrEEssEs  of  A  few  words  about  the  architecture  of  the  bones 
THE  Uppeb  Jaw.  ^j^g  face.  There  are  two  points  to  be  noticed — 
1st  the  great  strength  of  the  nasal  arch  (Plate  XXL);  2nd,  how 
immovably  the  upper  jaw  is  fixed  by  its  three  buttresses  on  each 
side-namely,  the  nasal,  the  zygomatic,  and  the  pterygoid.  The 
nasal  buttresses  rest  against  the  internal  angles  of  the  frontal  bone, 
and  between  them  is  the  heart-shaped  opening  of  the  nose.  The 
zygomatic  buttresses  are  exceedingly  strong :  they  are  supported 
by  the  external  angles  of  the  frontal  bone  and  the  zygomatic  pro- 
cesses of  the  temporal,  and  correspond  to  the  molar  teeth,  which 
have  to  sustain  the  greatest  pressure.  The  ptenjgoid  buttresses 
descend  perpendicularly  from  the  base  of  the  skull,  and  support  the 
upper  jaw  behind. 
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DiMExsioN-s  OF  Common  observation  shows  that  the  shape  and 
THE  Cranium.  relative  dimensions  of  the  cranium  vary  not  only 
in  different  races  of  men,  but  also  in  individuals  of  the  same  race. 
English,  French,  and  German  anatomists  have  accurately  measured 
the  several  dimensions  of  the  cranium ;  but  the  fact  that  the 
statements  differ,  proves  the  influence  of  nationality.  The  develop- 
ment of  the  frontal,  parietal  and  occipital  regions  may  be  taken  as 
a  general  expression  of  the  development  of  the  corresponding  lobes 
of  the  brain.    Upon  this  is  founded  the  study  of  Craniology.* 

Facial  Angle.  ^^^^^^  F^a.  25. 

of  determining  the 

proportions    between   the  cranium 
and  face  in  man,  and  the  vertebrate 
animals  generally,  is  by  taking  what 
is  called  the  'facial  angle.'    Let  a 
line  (as  shown  in  the  cut)  be  drawn 
from  the  condyle  of  the  occiput  along 
the  floor  of  the  nostrils,  and  be  inter- 
sected by  another  line  touching  the 
most  prominent  parts  of  the  forehead  ^""^ 
and  upper  jaw:  the  intercepted  angle  gives,  in  a  general  way,  the 
proportions  of  the  cranial  cavity,  and  the  grade  of  intelligence. 
In  the  dog  this  angle  is  20°;  in  the  chimpanzee  it  is  40°;  in 
the  Australian  85°;  in  the  European  95°.    The  ancients,  in  their 
impersonation  of  the  beautiful  and  intellectual,  adopted  an  an^le 
oflOO°.t 

»  Craniology  is  nothing  now.    An  Italian  poot  in  the  ago  of  Dante  writes  :— 

'  Nel  Capo  son  tre  celle, 
Et  io  diro  di  quelle, 
Davanti  k  lo  intelletto 
E  la  forza  d'  apprendere ; 
In  mezzo  6  la  ragione 
E  la  discreziono, 
Che  scerno  buono  e  male. 
Indiclro  sti'i  con  gloria 
La  valonto  momoria,  etc.  etc. 

tJI'^'^T.!:'  ^^'''^^^''^''^^  Kopfes,'  Uerlin,  18-15)  gives  tables  showing  thereli- 
l.ve  mze  of  tho  cran.um  and  face  in  infancy,  childhood,  and  adult  nge  Thov  1  to 
prove  that  th.  hase  of  tho  skull,  and  the  face,  as  contrasted  with  th  'capnei  7of  tl  I 
cranium,  increase  from  infancy  U,  ol<l  age.  "pncicy  oi  tlio 
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BONES  OF  THE  UPPER  EXTREMITY. 

Component  The  bones  of  the  upper  extremity  consist  of  the 
Bones.  '  clavicle,'  the  '  scapula,'  the  '  humerus,'  the  two 

bones  of  the  fore-arm,  namely,  the  '  radius '  and  the  '  ulna,'  the 
bones  of  the  carpus,  the  metacarpus,  and  the  phalanges  of  the  fingers. 
The  clavicles  and  scapulae  form  the  '  shoiilder  girdle '  or  '  pectoral 
arch.'  The  length  of  the  arm  should  always  be  in  exact  proportion 
to  the  height  of  the  individual.  It  is  a  curious  fact  that,  if  the 
arms  are  fully  stretched  in  the  same  horizontal  line,  the  space  from 
the  end  of  the  middle  finger  of  one  hand  to  that  of  the  other,  is 
about  equal  to  the  length  of  the  body. 


THE  CLAVICLE. 
(Plates  XXVIII.,  XXIX.) 

Position  and  The  clavicle,  or  collar  bone,  so  named  from  its 

Use.  resemblance  to  an  ancient  key,  extends  nearly 

horizontally  along  the  upper  part  of  the  thorax  fi-om  the  sternum 
to  the  scapula.  Its  chief  use  is  to  keep  the  shoulders  wide  apart, 
that  the  arm  may  enjoy  a  freer  range  of  motion.  By  moving  the 
shoulder,  you  find,  that  the  clavicle  acts  as  a  prop,  the  fixed  end  of 
the  prop  being  at  the  sternal  joint.*    Hence,  in  fractui-es  of  the 

*  The  clavicle  is  generally  -well  developed  in  animals  that  use  thoir  fore  limbs  for 
other  purposes  besides  .support,  such  .s  climbing,  flying,  burrowing,  or  holding  objects ; 
as  exemplified  respectively  by  monkeys,  bats,  moles,  and  m.iny  rodents.  lu  most 
birds,  the  clavicles  are  anchylosed  in  front  and  form  a  single  bono  called  the  'furcu- 
lum,'  or  mcrry-tliought,  while  the  otlier  ends  of  the  fork  articulate  with  the  coracoid 
bono.  The  chief  use  of  this  elastic  arch  of  bone  is  to  resist  the  action  of  the  great 
pectoral  muscles,  wliich  tend  to  press  the  humeri  inwards  towards  the  mesial  plane 
during  the  downward  .'■troke  of  the  wing. 
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clavicle,  the  shoulder  generally  drops  a  little  forwards.  The 
patient  leans  his  head  towards  the  injured  arm  so  as  to  relax  the 
muscles,  and  supports  the  elbow  with  the  sound  hand.  Besides  its 
chief  use,  it  serves  secondary  purposes— such  as  affording  attach- 
ment to  many  powerful  muscles,  and  protection  to  the  axillary  vessels 
and  nerves  which  pass  under  it. 

Shape  and  The  shape  of  the  clavicle  is  like  an  italic  S.  It 

O^ECT  OF  ITS        has  two  alternate  cm-ves,  arranged  so  that,  viewed 
from  the  front,  the  sternal  or  inner  half  is  convex, 
and  the  acromial  or  outer  half  concave.    The  sternal  cm-ve  is  the 
larger  of  the  two,  obviously  for  the  pm-pose  of  allowing  room  for 
the  passage  under  it  of  the  great  vessels  and  nerves  of  the  arm. 
Another  interesting  point  about  the  structure  of  the  clavicle  is, 
that  the  compact  wall  is  much  thicker  on  the  concave  side  of  each 
of  its  cm-ves  than  elsewhere.    It  is  about  the  junction  of  the  two 
curves  that  the  bone  is  most  frequently  broken.    These  curves  not 
only  make  the  bone  stronger  than  if  it  were  straight,  but  better 
able  to  resist  shocks ;  since,  by  virtue  of  its  elasticity,  the  force  is 
partially  broken  at  each  of  the  curves  (p.  5).    All  clavicles  are  not 
equaUy  curved  :  it  is  less  ciu-ved  in  the  female  than  in  the  male  • 
and  as  a  rule,  its  strength  and  degree  of  curvatm-e  depend  on  the 
amount  of  manual  labour  performed  by  the  individual 

SirEverard  Home*  states  that  French  women  have  longer 
ckvicles  than  English  women,  and  then  proceeds  to  say  that  on 
this  account  they  carry  themselves  with  more  grace,  the  chest  being 
more  open.  He  measured  the  clavicles  of  some  French  women 
as  they  lay  m  bed  in  Hospital,  and  found  them  all  six  inches 
long,  or  nearly  so.  The  clavicles  of  our  English  women  are  no 
quite  so  long. 

I^t  U.S  examine,  first,  the  shaft,  and  afterwards  the  two  ends  of 
the  clavicle. 

Shaft.  «baft  of  the  clavicle  bears  the  impressions 

of  the  muscles  attached  to  it.  Looking  at  its 
upper  surface,  we  observe,  on  the  sternal  curve,  the  origins  of 
the    pectorahs  major'  and  'stemo-cleido-mastoideus,'  and  on  the 

*  ■Lrc(ures  on  Compftmtive  Anatomy,'  vol.  v.  i..  23G. 
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acromial  curve,  the  origin  of  the  '  deltoides '  and  the  insertion  of 
the  '  trapezius.'  On  its  under  surface  we  notice — 1 ,  a  longitudinal 
groove  for  the  insertion  of  the  '  subclavius ; '  2,  a  rough  surface 
near  the  sternal  end  for  the  attachment  of  the  '  costo-clavicular '  (or 
rhomboid)  ligament ;  3,  near  the  acromial  end,  a  tubercle,  and  a 
ridge  for  the  attachment  of  the  '  conoid  and  trapezoid '  ligaments 
(coraco-clavicular) :  the  ridge  is  about  one  inch  from  the  scapular 
end — observe  this,  because  fractm-es  of  the  bone  in  this  situation 
are  likely  to  escape  notice,  in  consequence  of  the  ligaments 
preventing  the  separation  of  the  fractured  ends  ;  4,  near  the  middle 
is  a  foramen  for  the  nutrient  artery  of  the  interior. 

The  sternal  end  of  the  clavicle  is  thick,  strong, 
Steenal  End.  expanded,  to  form  a  base  for  the  prop.    It  is 

oblong  from  before  backwards,  and  articulates,  through  the  medium 
of  an  interarticular  fibro-cartilage,  with  the  sternum.  In  the 
recent  state,  when  crusted  with  cartilage,  the  articular  smface  is 
slightly  convex .  from  above  downwards,  and  concave  from  before 
backwards ;  and  moreover,  its  circumference  projects  on  all  sides 
considerably  beyond  the  articular  smface  of  the  sternum,  to  give 
more  advantageous  attachment  to  the  strong  ligaments  which 
secure  the  joint.  In  consequence  of  this,  dislocation  is  very  rare, 
notwithstanding  the  small  size  of  the  articular  surface  of  the 
sternum.  A  fracture  of  the  clavicle  is  ten  to  one  more  com- 
mon than  a  dislocation  of  its  sternal  end.  In  hard-working  persons, 
the  sternal  end  of  the  bone  becomes  enlarged,  rough,  and  disfi- 
gured. Part  of  the  '  sterno-hyoid '  muscle  arises  from  this  ex- 
tremity of  the  clavicle  a  little  internal  and  posterior  to  the  rough 
surface  for  the  rhomboid  ligament.* 

The  acromial  end  is  broad  and  flattened,  and 
AcbomialEnd.  pj-esentg  an  oblong  sm-face,  which  looks  forwards 
and  slants  a  little  inwards,  to  articulate  with  the  inner  border  of 
the  acromion.  The  plane  of  this  articulation  is  such  that  it 
is  very  difficult  to  keep  the  clavicle  in  its  proper  place  after  a 
dislocation. 

»  At  the  point  whore  the  chivide  comes  into  friction  with  the  cixrtihigo  of  the  first 
rib,  there  is  often  a  distinct  impression,  a  sort  of  improvised  articulation  blending  ^vith 
the  articular  surface  for  the  sternum. 
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Like  all  the  long  bones,  its  structure  is  spongy  at  the  extremities, 
but  very  compact  in  tlie  middle  of  the  shaft,  where  there  is  a  small 
medidlary  cavity. 

Developjiest  '^^^  clavicle  begins  to  ossify  about  the  sixth 
week — that  is,  sooner  than  any  other  bone  in  the 
body,  and  has  only  one  centi-e  of  ossification  for  the  shaft.  The 
sternal  end  has  an  epiphysis  which  makes  its  appearance  from  the 
eighteenth  to  the  twentieth  year,  and  subsequently  coalesces  with 
the  shaft. 


THE  SCAPULA, 
(Plates  XXVIII.,  XXIX.) 

Position  and  The  scapula,  or  shoulder-blade,  is  placed  at  the 

back  of  the  chest.  When  the  arm  hangs  loosely 
by  the  side,  the  scapula  ought  to  extend  from  the  first  rib  to  about 
the  lower  edge  of  the  seventh,  and  the  lower  angle  should  be  a 
little  further  from  the  spine  than  the  upper.  The  inferior  angle 
of  the  scapula  is  a  good  guide  to  the  seventh  rib.  During  life 
this  angle  is  held  down  by  the  upper  border  of  the  '  latissimus 
dorsi '  and  sometimes  gives  origin  to  some  of  its  fibres.  In  ema- 
ciated persons  the  yielding  of  this  muscle  allows  the  lower  end  of 
the  scapula  to  project  very  perceptibly. 

The  use  of  the  scapula  is  to  afford  a  movable  fulcrum  for  the 
motions  of  the  arm,  as  well  as  an  extensive  surface  for  the  attach- 
ment of  the  muscles  which  effect  the  movement.  It  is  a  flat 
triangidarbone,  and  so  thin  in  places  as  to  be  translucent.  We  have 
to  examine  its  two  surfaces,  its  three  borders  and  angles,  and  its 
outstanding  processes. 

OctkkSurfack.       '^^^  surface'  of  the  scapula  {'dorsum 

aea/puke  ')  is  slightly  convex,  and  divided  into  two 
imequal  parts  by  a  very  prominent  ridge  of  bone,  termed  tlie 
'spine.'  The  part  above  the  spine  is  called  the  supra-spinous 
fossa,  and  gives  origin  to  the  '  supra-spinatus  '  muscle ;  that  below 
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the  spine  is  called  the  infra-spinous  fossa,  and  gives  origin  to  the 
'  infra-spinatus.'  Near  the  axillary  border  are  distinct  impressions, 
indicating  the  origins  of  the  '  teres  major  '  and  '  minor '  muscles. 
It  is  generally  marked  by  the  impressions  of  the  '  arteria  dorsalis 
scapulae.' 

Spine  of  the  •  '^^^  '  spine  '  of  the  scapula  commences  at  the 
Scapula.  Aceo-  posterior  border  of  the  bone  by  a  smooth  trian- 
gular  siu'face  over  which  the  tendon  of  the  tra- 
pezius plays.  From  this  it  soon  rises  into  a  high  crest,  which  runs 
towards  the  neck  of  the  scapula,  where  it  stands  out  from  the  rest 
of  the  bone,  and  suddenly  altering  its  direction  at  a  right  angle 
(which  can  be  plainly  felt  in  the  living  subject),  projects  forwards  so 
as  to  form  a  lofty  arch  overhanging  the  '  glenoid  cavity.'  This 
arch  is  termed  the  '  acromion '  {aKpos  m/mos).  Its  purpose  is  to 
protect  the  shoulder  joint,  as  well  as  to  give  gxeater  leverage  to  the 
powerful  '  deltoid '  which  raises  the  arm.  It  is  not  only  a  defence, 
but  prevents  luxation  upwards ;  without  this  the  head  of  the 
humerus  would  not  remain  a  moment  in  its  socket.  It  is  this  pro- 
cess which  gives  breadth  to  the  shoulder.  On  the  inner  border  of 
the  acromion  is  the  surface  which  articulates  with  the  clavicle. 
Observe  that  this  surface  slants  from  above  inwards,  so  that  the 
clavicle,  once  dislocated,  is  with  difficulty  kept  in  its  place.  The 
end  of  the  acromion  gives  attachment  to  the  coraco-acromial  liga- 
ment, which  bridges  over  the  gap  left  in  the  dry  bone  between  it 
and  the  coracoid  process,  and  thus  completes  the  arch  for  the 
shoulder.  Through  this  coraco-acromial  ligament  we  pass  the 
point  of  the  knife,  in  excising  the  head  of  the  humerus,  and  thus 
reach  the  shoulder-joint  in  a  moment.  Eeverting  to  the  spine,  we 
observe  that  it  has  thick  rough  borders  ;  above,  for  the  insertion  of 
the  '  trapezius,'  and  below,  for  the  origin  of  the  '  deltoid.' 

The  '  inner  surface '  of  the  scapula  is  concave, 

Innbb  Sueeace.  called  the  '  subscapular  fossa.'  It  gives  origin 

to  the  '  subscapularis,'  and  presents  three  or  four  slanting  ridges 
for  the  attachment  of  the  tendinous  septa  by  which  this  muscle  is 
intersected.  The  hollows  between  these  ridges  were  mistaken, 
even  by  the  great  anatomist  Vesalius,  for  the  impressions  of  the 
ribs.   On  this  surface  also  we  observe  the  insertion  of  the  '  serratus 
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magnus'  chiefly  intp  the  rough  surfaces  on  the  superior  and 
inferior  angles,  but  also  into  a  very  narrow  tract  along  the  posterior 
border. 

Glenoid  The  'anterior  angle'  of  the  scapula  is  the 

Cati-^.  Pi-sPEcn-    strongest  part  of  the  bone,  and  here  we  find  the 

LiAK  Position.  ,   ,       .  ,        .,,  „ 

glenoid  cavity    for  the  articulation  of  the  head 
of  the  humerus.   This  cavity  is  very  shallow,  of  an  oval  form,  with 
the  larger  end  downwards,  and  the  long  diameter  vertical;  above 
all,  observe  that  it  looks  directly  outwards  and  a  trifle  forwards  ; 
and  the  reason  of  this  direction  is,  that  the  arm  may  enjoy  an 
extensive  range  of  motion.    Its  margins  are  rather  prominent  and 
roug-h,  for  the  attachment  of  a  collar  of  fibro-cartilage,  which 
sHghtly  deepens  the  socket.    From  the  upper  part  of  the  margin 
arises  the  '  long  head  of  the  biceps.'    Just  below  the  cavity  is  the 
origin  of  the  '  long  head  of  the  triceps.'    Immediately  behind  the 
canity  is  a  slight  constriction  termed  the  '  neck '  of  the  scapula. 
The  neck  is  most  plainly  seen  behind,  where  it  forms  with  the 
spme  a  deep  groove  (great  scapular  groove),  leading  from  the  supra- 
spinous to  the  infra-spinous  fossa. 

When  we  speak  of  fracture  of  the  neck  of  the  scapula,  we  mean 
fracture  behind  the  coracoid  process.   This  kind  of  fractm-e  is  very 
rare    It  happens  to  old  persons  from  falHng  on  the  shoulder.  The 
shock  IS  received  by  the  head  of  the  humerus,  and  is  thence  trans- 
mitted to  the  glenoid  cavity.   The  chief  symptom  of  such  an  acci- 
dent IS  shght  lengthening  of  the  arm  and  dropping  of  the  shoulder. 
Whoever  sees  for  the  first  time  a  fracture  of  the  neck  of  the 
scapula,  will  probably  mistake  it  for  a  dislocation  of  the  head  of 
he  humerus  into  the  axiUa.    There  is  in  each  case  the  same 
lengthening  of  the  arm,  prominence  of  the  acromion,  and  flatness' 
of  .he  deltoid;  m  each  case  the  head  of  the  humerus  can  be  felt  in  ) 
the  axalla;  but  there  is  this  important  distinction,  that  in  the  case  / 
ot  fracture  the  normal  appearance  of  the  joint  can  be  restored  by) 
simply  pushing  upwards  the  arm  at  the  elbow,  by  which  means  the( 
head  of  the  humerus,  with  the  glenoid  cavity,  is  at  once  raised  to 
Its  proper  position. 

I'^T'"     .  HT-   7^''  P'^'     ^^^^  «^-p"ia. 

just  behind  the  upper  margin  of  the  glenoid  cavity. 
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stands  oflf  a  remarkable  projection  termed  tli.e  'coracoid*  process,' 
from  its  fancied  resemblance  to  the  beak  of  a  raven  (Kopa^). 
Arising  from  a  vm-y  broad  base,  it  takes  first  a  direction  inwards, 
but  soon  cm-ves  forwards  towards  the  acromion,  like  a  half-bent 
finger,  and  overhangs  the  glenoid  cavity  on  the  inner  side.  Its 
apex  is  about  one  inch  and  a  half  from  the  point  of  the  acromion, 
and  on  a  lower  plane.    It  is  necessary  to  be  familiar  with  the 
direction  of  these  points  of  bone,  and  their  accurate  bearing  to  the 
glenoid  cavity  and  to  each  other,  since  they  serve  as  landmarks  in 
determining  the  nature  of  obscure  injuries  about  the  shoulder. 
Into  the  front  part  of  the  coracoid  process  is  inserted  the  tendon 
of  the  «  pectoralis  minor,'  and  from  the  '  apex '  arises  the  common 
tendon  of  the  '  coraco-brachialis,'  and  the  '  short  head  of  the  biceps.' 
At  the  upper  part  of  its  root  is  a  rough  surface  for  the  attachment 
of  the  ' coraco-clavicular '  ('conoid'  and  'trapezoid')  ligaments 
which  bind  down  the  clavicle  ;  and  the  border  next  to  the  acromion 
gives  attachment  to  the  '  coraco-acromial  ligament,'  which  extends 
across  the  interval  between  these  points  of  bone,  and  completes  the 
arch  for  the  shoulder-joint. 

The  '  superior  border '  of  the  scapula  presents, 
BoEDEBs.  near  the  root  of  the  coracoid  process,  a  small  notch, 

which,  in  the  recent  state,  is  bridged  over  by  a  ligament.  It  gives 
passage  to  the  supra-scapular  nerve,  and  sometimes  to  the  corre- 
sponding artery.  Behind  the  notch  is  the  origin  of  the  '  omo- 
hyoideus'  muscle.  The  'posterior  border'  is  always  the  longest 
in  man,  and  is  therefore  called  the  base  of  the  scapida :  in  the 
lower  animals  it  is  generally  the  shortest.  It  gives  insertion  to  the 
'levator  anguli  scapulES,'  the  ' rhomboideus  maj or,'  and  'minor' 
muscles,  and,  as  before  mentioned,  to  the  'serratus  magnus.' 
The  'inferior  or  axillary  border'  is  by  far  the  thickest  and 
strongest,  in  order  to  support  the  glenoid  cavity.  The  deep  groove 

*  The  coracoid  process  is  a  remarkable  bone  in  birds.  In  them  it  is  of  great 
strength  and  solidity,  and  extends  from  the  sternum  to  the  scapula,  ^^^f^^^  ^  ° 
form  the  glenoid  ca^nty.  It  serves  as  a  buttress  to  support  the  shoulder  dur.ng  the 
downward  stroke  of  the  wing.  This  process  never  articulates  w.th  the  sternum  m  any 
mammal  except  the  dMill  (Ornithorhl/nchic,)  and  the  echidna.  In  man  it  ,s  un- 
usually well  developed,  in  order  to  give  attachment  to  the  muscles  which  aid  the  free 
use  of  tho  upper  extremity. 
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along  it  gives  origin  to  some  of  the  fibres  of  the  '  subscapularis ' 
muscle. 

Centises  of  The  scapula  has  six  centres  of  ossification.  The 

Ossification.  e  primary '  centre,  which  appears  a  Kttle  behind  the 
glenoid  cavity  about  the  eighth  week,  forms  all  parts  of  the  bone, 
except  the  coracoid  process,  the  acromion,  the  inferior  angle,  and 
the  base ;  these  are  cartilaginous  at  birth.  The  chief  centre  of  the 
coracoid  process,  representing  the  true  coracoid  bone,  appears  soon 
after  birth,  and  about  the  fifteenth  year  unites  to  the  rest  of  the 
bone.  About  puberty,  the  other  secondary  centres  appear ;  namely, 
two  for  the  acromion  (one  near  the  summit,  the  other  near  the 
base) ;  one  for  the  inferior  angle ;  and,  lastly,  one  for  the  border  of 
the  base.  They  all  unite  to  the  scapula  about  the  twenty-second 
year.  In  a  practical  point  of  view  it  is  well  to  remember  that  the 
acromion  is  not  invariably  united  to  the  spine  by  bone.  In  some 
rare  cases  it  remains  permanently  distinct,  and  is  united  to  the 
spine  only  by  ligament. 


THl!  HUMEEUS. 
(Plates  XXX.,  XXXI.) 

The  humerus  is  the  longest  and  strongest  of  the  bones  of  the 
upper  extremity.  It  is  a  lever  of  the  third  order,  the  fulcrum 
being  at  the  shoulder  joint,  and  the  power  at  the  insertions  of  the 
several  muscles  which  move  the  bone.  It  articulates  with  the 
.scapula  above,  and  the  radius  and  ulna  below.  Like  all  the  long 
bones,  we  divide  it  into  a  body  or  shaft,  and  articular  ends. 
Hfad  a-vd  At  the  upper  end,  observe  the  smooth  eminence 

termed  the 'head.'  It  forms  about  one-third  of  a 
sphere,  and  articulates  with  the  glenoid  cavity  of  the  scapula. 
Observe  that  the  head  is  much  larger  than  the  socket  in  which  it 
play.s.  This  arrangement,  together  with  the  shallowness  and 
direction  fp.  143)  of  the  socket,  explains  the  great  range  of  motion 
which  the  shoulder-joint  enjoys.  It  is  the  freest  of  all  the  joints, 
and  resembles  what  mechanics  call  a  '  universal '  joint,  for  there  is 
no  part  of  the  body  which  cannot  be  touched  by  the  hand.  The 
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head  springs  from  the  shaft  by  a  slightly  constricted  base,  called 
the  '  anatomical  neck,'  to  which  the  capsular  ligament  of  the  joint 
is  attached.  Although  this  is  so  short  and  thick  as  hardly  to  de- 
serve the  name  of  neck,  yet  it  serves  the  important  purpose  of 
removing  the  head  a  little  away  from  the  axis  of  the  shaft.  In 
consequence  of  this,  the  axis  of  the  head  and  neck  forms  an  obtuse 
angle  with  that  of  the  shaft.  "When  the  arm  hangs  quietly  by  the 
side,  with  the  thumb  in  front,  the  precise  direction  of  the  axis  of 
the  head  and  neck  of  the  humerus  is  upwards,  inwards,  and  a  little 
backwards  from  the  shaft.  The  object  of  this  direction  is  to 
facilitate  rotation  inwards,  which  is  more  useful  than  rotation  out- 
wards. It  is  interesting  to  remark,  that  this  direction  is  reversed 
in  the  axis  of  the  neck  of  the  femm-  where  the  object  is  to  facili- 
tate rotation  outwards. 

Eaise  the  arm  of  the  skeleton  to  a  right  angle,  and  you  observe 
that  much  of  the  lower  part  of  the  head  of  the  humerus  is  out  of 
the  socket.  This  is  one  of  the  reasons  why  the  humerus  is  so  liable 
to  be  dislocated  when  the  arm  is  extended  ;  the  head  of  the  bone  in 
this  position  being  chiefly  supported,  below,  by  the  fibrous  capsule 
of  the  joint.  Again.,  when  the  arm  is  raised  to  a  right  angle,  there 
is  another  point  worthy  of  notice.  It  is  this,  that  the  humerus 
alone  cannot  be  raised  higher,  for  the  reason  that  the  articular 
surface  of  the  head  of  the  bone  does  not  admit  of  elevation 
beyond  a  right  angle.  When  we  do  raise  the  arm  beyond  a  right 
ano-le,  the  additional  elevation  is  accoEiiplished  by  the  movement  of 
the  scapula  upon  the  chest,  an  effect  principally  due  to  the  action 
of  the  trapezius  and  serratus  magnus  muscles. 

At  the  root  of  the  neck,  or  rather  at  the  top  of 

GeEATEK  and  ...  ,  1.1        t  J.  1, 

Lessee  Ttjbeeo-  the  shaft,  are  two  projections,  termed  the  'tube- 
BiTiEs,  ANB  THEiE  rosltles,'  of  wMch  the  use  is  to  give  greater  lever- 
age  to  the  muscles  which  move  the  bone.  They 
are  separated  by  a  perpendicular  groove  which  runs  some  way  down 
the  shaft,  and  is  called  the  '  bicipital  groove,'  because  the  tendon 
of  the  long  head  of  the  biceps  plays  in  it.  In  the  recent  state  this 
groove  is  bridged  over  by  an  aponeurosis,  which  makes  it  a  com- 
plete canal.  Of  these  tuberosities  the  'greater'  is  the  more 
external ;  in  a  thin  person  it  can  be  plainly  felt  immediately  below 
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the  acromion.  It  is  useful  to  know  this  in  determining  the  nature 
of  injm-ies  about  the  shoulder.  It  has  three  impressions  indicating 
the  insertions  of  muscles,  namely— one  above  and  somewhat  to  the 
front  for  the  '  supra-spinatus,'  a  second  immediately  behind  the 
first  for  the  '  infra-spinatus,'  and  a  third  below  the  second  and 
quite  at  the  back  of  the  bone  for  the  '  teres  minor.'  The  insertion 
of  this  last  muscle  extends  beyond  the  third  impression  nearly  half 
an  inch  down  the  shaft.  The  'lesser  tuberosity'  is  the  more  in- 
ternal, and  gives  insertion  to  the  subscapularis.  Lastly,  the  tube- 
rosities are  supported  by  broad  pedicles  which  run  down  the  shaft, 
and  form,  respectively,  the  outer  and  inner  margins  of  the  bici- 
pital groove. 

Shapt.  come  next  to  the  shaft.    The  first  thing  to 

Bicipital  Geoote  be  observed  is,  that  the  lower  part  of  it  is  twisted 
W.^'^'''^        inwards,  nearly  as  much  as  a  quarter  of  a  circle  ; 

and  that  it  is  slightly  curved  forwards.  The  object 
of  this  twist  and  curve  is,  to  make  the  axis  of  motion  at  the  elbow 
such,  that  the  fore-aim  may  naturally  bend  towards  the  front  of  the 
body.    Immediately  below  the  tuberosities  is  the  '  surgical  neck  ' 
of  the  humerus ;  so  called,  because,  when  we  speak  of  a  fractm-e  of 
the  neck,  we  refer  to  this  part  of  the  bone,  and  not  to  the  '  anato- 
raical  neck '  (akeady  described),  of  which  a  fracture  is  rare.  On 
the  front  of  the  shaft  we  notice  the  bicipital  groove,  up  which  the 
long  head  of  the  biceps  runs,  in  order  to  be  attached  to  the  top  of 
the  glenoid  cavity,  so  that  it  may  act  like  a  strap  to  keep  down 
the  head  of  the  bone.  Up  this  groove,  too,  a  little  artery  (a  branch 
of  the  anterior  circumflex)  creeps  to  supply  the  joint.    Into  the 
outer  margin  of  the  groove  is  inserted  the  tendon  of  the  'pectoralis 
major';  into  the  inner  margin  the  tendon  of  the  'teres  major'; 
and  into  the  bottom  of  it  the  tendon  of  the  'latissimus  dorsi.' 
Tl.ese  muscles  play  an  important  part  in  causing  displacement  in 
fracture  when  it  occurs  through  the  surgical  neck.    There  may  be 
a  double  displacement:  i.e.  the  upper  fragment  is  drawn  outwards 
by  the  muscles  inserted  into  the  tuberosities,  and  the  lower  frag- 
ment is  drawn  upwards  and  inwards  by  the  muscles  which  go  from 
the  tnmk  to  the  arm. 

Tlie  middle  of  the  shaft  is  marked  by  ridges  and  impressions 

X.  2 


148 


THE  HUMERUS. 


adapted  for  the  convenient  action  of  the  muscles.  Along  its  an- 
terior aspect  runs  a  very  prominent  elevation  (the  '  anterior  border ' 
of  some  anatomists),  continuous  with  the  external  border  of  the 
bicipital  groove.  About  the  middle  of  the  outer  aspect  there  is  a 
rough  impression  (deltoid  ridge)  for  the  insertion 
Deltoid  idqe.  ^  deltoid '  which  raises  the  arm.    Near  this, 

on  the  inner  aspect,  is  a  smooth  surface  for  the  insertion  of  the 
'  coraco-brachialis.'  Against  this  surface  the  brachial  artery  can 
be  effectually  compressed.  The  surface  looks  forwards  and  inwards, 
and  as  the  artery  runs  along  it,  the  surgeon  must  remember  this 
obliquity  and  apply  compression  in  the  proper  direction— outwards 
and  backwards— else  the  artery  will  slip  off  the  bone.  Here  also 
is  generally  situated  the  foramen  for  the  nutrient  artery  of  the 
marrow,  which  runs  from  above  downwards.  Below  the  deltoid 
ridge  the  shaft  begins  to  be  twisted,  and  becomes  gradually  flattened 
and  expanded  for  the  formation  of  the  articular  end.  It  is  gene- 
rally below  the  insertion  of  the  deltoid  that  ununited  fractures  of 
the  humerus  are  met  with,  partly  on  account  of  the  injury  to  the 
nutrient  artery  of  the  medulla,  and  partly  on  account  of  the  action 
of  the  deltoid  in  causing  a  displacement  of  the  upper  fragment 
over  the  lower. 

CoNDTLoiD  The  lower  half  of  the  shaft  presents  two  ridges, 

EiDGEs.  one  on  each  side,  called  respectively  the  '  internal ' 

and  '  external  condyloid  ridges,'  because  they  lead  to  the  '  condyles ' 
or  points  of  bone  which  project  on  each  side  of  the  elbow.  The 
external  ridge  begins  just  behind  the  insertion  of  the  deltoid,  and 
is  the  more  prominent  of  the  two ;  its  upper  two-thirds  give  origin 
to  the  '  supinator  radii  longus,'  and  its  lower  third  to  the  '  extensor 
carpi  radialis  longior.'    It  is  called  the  supinator  ridge,  and  is 
generally  best  developed  in  animals  which  possess  gi-eat  power  in 
the  fore-feet  and  paws  for  fighting,  digging,  etc.    It  is  rather 
feebly  marked  in  man,  considering  the  mobility  and  strength  of 
his  fore-arm;  but  in  our  species  the  ' supinator  longus'  is  not  so 
much  a  supinator,  as  a  powerful  assistant  to  the  biceps  and 
brachialis  anticus  in  flexing  the  elbow.     The  internal  ridge 
serves  for  the  attachment  of  the  '  internal  intermuscular  septum.' 
The  front  surface  of  this  part  of  the  shaft  gives  origin  to  the 
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'  bracbialis  anticiis,'  wbicb  begins  by  two  little  tongues,  one  on 
each  side  the  insertion  of  the  deltoid. 

The  back  part  of  the  shaft  is  occupied  by  the  origins  of  the 
outer  and  inner  '  heads  of  the  triceps,'  which  are  separated  by  a 
groove  directed  in  a  spiral  manner  downwards  and  outwards  for 
the  passage  of  the  musculo-spiral  nerve  and  superior  profunda 
artery.  The  origin  of  the  outer  head  is  narrow,  and  lies  external 
to  and  above  the  groove,  extending  as  high  as  the  insertion  of  the 
teres  minor.  The  origin  of  the  inner  head  is  below  the  groove, 
reaching  as  high  as  the  lower  limit  of  the  teres  major  and 
covering  all  the  lower  part  of  the  shaft,  even  to  the  external 
condyle. 

LowEB  ExD.  "^^^  ^^^^^        °^        humerus  curves  slightly 

forwards,  and  presents  a  pulley-like  surface,  beauti- 
fuUy  adapted  to  suit  the  flexion  and  extension,  as  well  as  the 
rotatory  movement  of  the  fore-arm.  On  the  outer  side,  we  observe 
the  '  lesser  head '  (capitellum)  which  corresponds  with  the  shallow 
cavity  at  the  end  of  the  radius.  The  chief  point  about  this  head 
is,  that  it  projects  directly  forwards,  so  that  when  the  fore-arm  is 
bent  there  is  a  smooth  surface  ready  for  the  rotation  of  the  radius. 
On  the  inner  side  is  the  '  trochlea '  or  pulley  for  the  ulna.  This 
admits  of  flexion  and  extension  only.  The  direction  of  this 
pulley  is  oblique ;  that  is,  it  slants  from  beliind  forwards,  and  from 
without  inwards,  so  that  the  fore-arm,  in  the  act  of  bending,  comes 
naturally  in  front  of  the  chest.  Observe  that  the  inner  border  of 
the  trochlea  descends  much  lower  than  the  outer,  thus  protecting 
the  ulna  from  dislocation  inwards.  Above  the  trochlea  there  is  a 
deep  cavity  in  front'  {coronoid  fossa)  to  receive  the  coronoid 
process  of  the  ulna  in  flexion ;  and  a  similar  one  behind  (olecranon 
fossa)  to  receive  the  '  olecranon,'  or  the  point  of  the  elbow,  in 
extension  of  the  fore-arm.  External  to  the  coronoid  fossa,  imme- 
diately above  the  lesser  head,  is  a  shallow  depression  to  receive  the 
head  of  the  radius  in  extreme  flexion.  Between  the  '  olecranon  and 
coronoid  fossje' the  bone  is  thin  enough  to  be  translucent,  as  is 
well  seen  in  the  woodcut,  fig.  26,  which  exhibits  a  section  through 
the  joint.  In  consequence  of  this  thinning  of  the  bone,  a  trans- 
verse fracture  through  the  humerus  in  this  situation  is  not 
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uncommon.  From  the  displacement  produced  so  close  to  the 
elbow  joint  this  accident  is  very  liable  to  be  mistaken  for  a 

dislocation  of  the  radius  and  ulna  back- 
wards.   The  celebrated  French  sm-geon, 
Dupuytren,  used  to  say  that  there  was 
nothing  more  common  than',  such  a  mis- 
take. However,  the  bearing  of  the  condyles 
'  with  respect  to  the  olecranon  enables  us 
in  most  cases  to  determine  the  diagnosis. 
SECTION  TO  SHOW  THE  TRo-  jf       olecrauon  be  higher  than  the  con- 
cHLEA.  OF  THE  .     ^jyj^gg^  thore  IS  dislocatlou  of  the  elbow ; 

o.  Olecranon.  ^        higher,  the  ulna  is  in  its  proper 

c.  Coronoid  process.  &      '  <- 

place. 

Eespecting  the  two  condyles,  we  observe,  that 
CoNDTLBs.  internal  projects  the  most,  since  it  gives  origin 

to  the  powerful  pronator  and  flexors  of  the  hand  and  fingers, 
namely,  to  the  '  pronator  radii  teres,'  '  flexor  carpi  radialis,' 
'  palmaris  longus,'  '  flexor  digitorum  sublimis,'  and  '  flexor  carpi 
ulnaris.'  The  internal  lateral  ligament  of  the  elbow  is  also 
attached  to  it.  The  external  condyle  gives  origin,  in  front,  to  the 
common  tendon  of  the  extensor  muscles ;  namely,  the  '  extensor 
carpi  radialis  brevier,'  '  extensor  digitorum  communis,'  '  extensor 
minimi  digiti,'  and  'extensor  carpi  ulnaris':  behind,  it  gives 
origin  to  the  '  anconeus.'  .  Lastly,  the  external  lateral  ligament  of 
the  elbow  is  attached  to  it. 

Centees  of  Os-  The  humerus  has  seven  centres  of  ossification. 
SmCATION.  There  is  one  for  the  shaft.    About  the  second  year 

after  birth  the  centre  of  the  head  appears ;  and  about  the  third 
year,  the  centre  of  the  tuberosities.  About  the  end  of  the  fifth 
year,  the  centres  for  the  head  and  tuberosities  have  coalesced, 
so  as  to  form  a  large  epiphysis  on  the  top  of  the  shaft.  It  is 
necessary  to  remember  that  this  epiphysis  includes  the  tuberosi- 
ties (as  shown  in  the  woodcut,  fig.  27).  On  the  inner  side,  the 
line  of  junction  runs  close  to  the  cartilage  on  the  head  of  the 
bone:  therefore,  in  the  event  of  separation,  the  shoulder  joint 
would  certainly  be  implicated.  The  epiphysis  does  not  unite 
with  the  shaft  till  the  twenty-first  year ;  so  that  up  to  that 
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age  it  is  liable  to  be  separated  from  the  shaft  by  violence,  as  we  often 
see  in  practice.  About  the  beginning  of  the  third  year  ossification  of 
the  lower  end  comnaences  by  a  fourth  centre  in  the      j.^^  27 
lesser  head.    About  the  fifth  year,  a  fifth  centre 
appears  in  the  internal  condyle.    About  the  twelfth 
year,  a  sixth  centre  appears  in  the  great  sweep  of 
the  trochlea ;  and,  lastly,  about  the  foiu-teenth  year, 
the  seventh  centre  appears  in  the  external  condyle. 
At  the  close  of  the  sixteenth  year  the  lower  end  has 
completely  ossified,  and  then  unites  to  the  shaft.  A 
separation  of  the  lower  epiphysis  of  the  humerus  is  by 
no  means  an  infrequent  accident  in  children.  The 
lower  fragment  is  carried  backwards  with  the  bones 
of  the  fore-arm,  so  as  to  cause  considerable  displace- 
ment. 

It  is  interesting  to  remai-k,  that  the  epiphysis 
of  the  upper  end,  though  the  first  to  ossify,  yet 
remains  separate  from  the  shaft  about  three  or  fom-  years  longer 
than  that  of  the  lower  end.  This  is  in  accordance  with  the  rule, 
that,  of  the  two  epiphyses  of  a  long  bone,  that  towards  which  the 
nutrient  artery  of  the  marrow  runs  is  always  the  first  to  unite  with 
the  shaft.  Remember,  that  the  nutrient  arteries  of  the  marrow  of 
the  bones  of  the  upper  extremity  run  towards  the  elbow.  In  the 
bones  of  the  lower  extremity,  they  run /rom  the  knee. 


EPIPHYSIS  OF 
THE  HEAD  OF 
THE  HUMERUS, 
SHO"WING  THAT 
IT  INCLUDES 
TUBEKOSITIES. 


THE  RADIUS. 
(Plates  XXXH.,  XXXIII.) 

The  radius  is  the  external  of  the  two  bones  of  the  fore-arm,  and 
is  so  called  from  its  resemblance  to  the  spoke  of  a  wheel.'  lu 
learning  this  bone,  keep  in  mind  that  both  its  ends  are  constructed 
so  as  to  rotate  upon  the  ulna,  and  admit  of  the  pronation  and  supi- 
Axi3  OF  EoTA-  nation  of  the  hand.  Look  at  a  well-articulated 
skeleton,  and  observe  that  the  axis  of  this  rotation 
IS  represented  by  an  imaginary  line  drawn  from  the  centre  of  the 
head  of  the  radius  to  the  centre  of  the  circle  of  wliidi  the  sigmoid 
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cavity  at  the  lower  end  is  a  segment:  in  other  words,  to  the  centre 
of  the  lower  end  of  the  ulna.  The  lower  end  of  the  radius  is  much  ' 
larger  than  the  xipper,  because  it  is  the  chief  support  of  the  hand  : 
and  since  the  radius  receives  all  shocks  from  the  hand,  it  is  more 
Fig!  28.  liable  to  be  broken  than  the  ulna. 

Like  the  humerus,  the  radius  and  ulna  are 
both  levers  of  the  third  order,  as  seen  in  the 
cut,  fig.  28.  The  fulcrum  F  is  at  the  elbow 
j  oint — the  weight  W  is  the  fore-arm — the  power 
P  is  the  insertion  of  the  biceps.  The  biceps 
will  act  to  the  greatest  advantage  when  the  arm 
BONES  OF  THE  FOBE-ARM     \)Qxit  to  a  right  angle,  because  the  power  acts 

LEVBBS  OF  THE  THIKD  T      j.  1 

OEDEE.  at  a  right  angle  to  the  lever. 

Head  Neck  The  upper  end  of  the  radius  is  called  the  'head:' 

ANB  Tubercle.  it  has  a  shallow  circular  cup,  which  articulates 
(when  the  fore-arm  is  bent)  with  the  lesser  head  of  the  humerus, 
and  in  the  recent  state  is  held  in  its  place  by  the  strong  '  orbicular' 
ligament  which  encircles  it.  Observe  that  the  head  has  a  smooth 
cii-cular  border,  adapted  to  rotate  in  the  lesser  sigmoid  cavity  of 
the  ulna.  This  rotation  of  the  radius  can  be  distinctly  felt  below 
the  external  condyle  of  the  humerus ;  a  fact  of  great  value,  in  deter- 
mining the  existence  of  fracture  or  dislocation.  Below  the  head,  is 
the  constricted  part  termed  the  'neck;'  and  below  this,  is  the 
'tubercle'  which  gives  insertion  to  the  tendon  of  the  'biceps.' 
Notice  that  this  tubercle  projects  on  the  inner  side  of  the  bone,  so 
that  the  biceps  can  supinate,  as  well  as  bend  the  fore-arm ;  notice 
also  that  the  posterior  half  of  the  tubercle  is  rough  for  the  inser- 
tion of  the  tendon:  the  anterior  half  is  smooth  and  is  the. seat  of  a 
biu-sa  which  facilitates  the  play  of  the  tendon. 

Eespecting  the  'shaft,'  we  observe  that  its  outer 
side  is  thick  and  rounded ;  and  that  from  this  side 
29.  its  front  and  back  surfaces  gradually 

rx  converge  to  a  sharp  edge,  which  faces 

(  ^r^-^^W^  1        "^^"^      ^^^^  annexed  cut, 

\^p?f  )  gg.^  •  29),  and  gives    attachment  to 
^"^-^  the  interosseous  ligament.    The  shaft 
is   slightly  arched   outwards,    for   two  reasons— 1,  because  it 
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increases  the  breadth  of  the  fore-arm ;  2,  because  it  gives  more 
power  to  the  '  pronator  teres.'  *  The  bones  are  furthest  apart 
when  the  hand  is  placed  vertically  with  the  thimib  upwards : 
hence,  fractures  of  the  fore-arm  are  put  up  with  the  hand 
vertical,  that  there  may  be  less  risk  of  the  opposite  bones  uniting. 

On  the  front  surface  of  the  shaft  there  is  a  blunt  ridge  leading 
from  the  tubercle  obliquely  towards  the  outer  side  of  the  bone.  It 
gives  origin  to  part  of  the  'flexor  sublimis  digitorum.'  Above 
this  ridge  is  the  insertion  of  the  '  supinator  brevis,'  and  below  it 
is  a  slightly  excavated  surface  for  the  origin  of  the  '  flexor  longus 
pollicis.'  Below  this  is  the  insertion  of  the  '  pronator  quadratus.' 
On  the  outer  and  hack  part  of  the  middle  of  the  shaft  is  a  rough 
surface  for  the  insertion  of  the  '  pronator  teres.'  Observe  that  this 
insertion  is  into  the  outer  and  hack  part  of  the  shaft,  in  order  that 
the  muscle  may  pronate  with  greater  power.  In  amputation  of  the 
fore-arm  it  is  desirable  to  saw  through  the  bones  below  the 
insertion  of  this  muscle,  that  the  stump  may  have  the  benefit  of  a 
pronator. 

The  posterior  surface  of  the  shaft  is  marked  by  the  origin 
of  the  extensor  muscles  of  the  thumb;  namely,  the  'extensor 
ossis  metacai-pi  pollicis,'  and  the  'extensor  primi  internodii 
pollicis.' 

LowEa  End  "^^^  lower  end  of  the  radius  expands  into  a  sur- 

face slightly  cupped  transversely,  as  well  as  from 
before  backwards,  in  order  to  articulate  with  the  '  scaphoid '  and 
'  semilunar '  bones  of  the  carpus.  In  the  recent  state,  if  not  in 
the  dry  bone,  this  surface  is  divided  by  a  slight  ridge  :  the  part  for 
the  '  scaphoid  '  is  triangular,  while  that  for  the  '  semilunar  '  bone 
is  square.  On  its  inner  side  is  the  concave  articular  surface 
('semilunar ',  or  'sigmoid'  cavity),  which  rotates  upon  the  lower 
end  of  the  ulna.  On  its  outer  side  is  the  conical  projection,  termed 
the  'styloid'  process,  of  which  the  apex  gives  attachment  to  the 
external  lateral  ligament  of  the  wrist ;  while  the  base  gives  inser- 
tion to  the  tendon  of  the  '  supinator  radii  longus.'  In  front,  tlie 
lower  end  has  a  roiigli  and  elevated  margin  for  the  attachment  of 

•  The  radius  of  t.ho  skeleton  of  thegorilla  in  the  Museum  of  the  College  of  Surgeons 
IS  extremely  arched.    The  itower  of  his  arms  is  enormous. 
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the  powerful  anterior  ligament  of  the  carpus  :  and  behind  there  are 
four  grooves  for  the  passage  of  the  extensors  of  the  wrist  and 
fingers.  (Plate  XXXVI.)  Beginning  from  the  outer  side,  we  ob- 
serve :  1 ,  a  groove  for  the  '  extensor  ossis  metacarpi  pollicis,'  and 
the  '  extensor  primi  internodii  pollicis ' ;  2,  a  groove  for  the  '  exten- 
sores  carpi  radiales,  longior '  et  '  brevier ' ;  3,  a  very  distinct  and 
slanting  groove  for  the  '  extensor  secundi  internodii  pollicis ' ;  4,  a 
gToove  for  the  '  extensor  indicis '  and  the  '  extensor  communis 
digitorum.'  .  In  the  recent  state  these  grooves  are  made  complete 
canals  by  the  '  posterior  annular  ligament.' 

The  lower  end  of  the  radius  is  composed  of  cancellous  tissue 
covered  by  only  a  thin  layer  of  compact  bone,  as  shown  in  the  ad- 
FiG.  30.  joining  cut,  fig.  30.  In  falls,  therefore,  upon  the 
palm  of  the  hand  ;  the  lower  end  of  this  bone,  which 
receives  the  full  force  of  the  shock,  is  very  liable  to 
be  broken  transversely  about  half  of  an  inch  or  one 
inch  above  the  wrist  joint.  This  fracture  of  the 
radius  is  commonly  called  Colles's  fracture,  after  the 
Irish  surgeon  who  first  accurately  described  it.  The 
lower  fragment  with  the  hand  is  thrown  backwards 
so  as  to  make  an  unnatural  swelling  on  the  back  of 
the  fore-arm :  the  upper  fragment  protrudes  on  the 
palmar  aspect  of  the  fore-arm  just  above  the  wrist. 
Tfow  a  fracture  with  such  displacement  is  liable  to 
be  mistaken  for  a  dislocation  of  the  wrist.  How  are 
we  to  determine  between  the  two  injuries  ?  We  must  feel  for  the 
styloid  process  of  the  radius.  If  the  styloid  process  be  in  the  same 
line  with  the  shaft  of  the  radius,  the  injury  is  probably  a  dislocation 
of  the  wrist  backwards:  if  it  be  not  in  the  same  line,  then 
probably  a  fracture  of  the  lower  end  of  the 
is   by  far  the  most  frequent   accident  of  the 
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The  radius  has  three  centres  of  ossification  ;  one 
for  the  shaft,  and  one  for  each  end.  The  upper 
end  begins  to  ossify  at  the  fifth  year,  and  is  united  at  the  seven- 
teenth. The  lower  end  begins  about  the  second  year,  and  is  not 
united  till  the  age  of  eighteen  or  twenty.    This  is  in  accordance 
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with  the  general  law,  that  epiphyses  unite  with  the  shafts  in  the 
inverse  order  of  their  ossification. 


THE  ULNA. 

(PiATBs  XXXII.,  xxxni.) 

The  ulna,  so  called  because  it  forms  the  elbow  (oiXsut]),  is  the 
inner  of  the  two  bones  of  the  fore-arm. 
Upfee  End  upper  end  presents  a  deep  semicircular  cavity, 

with  a  smooth  ridge  at  the  bottom,  which  accu- 
rately fits  on  the  trochlea  of  the  humerus,  and  forms  a  perfect 
hinge-joint  admitting  of  flexion  and  ex- 
tension only.  (See  fig.  31.)  This  is 
called  the  '  greater  sigmoid '  *  cavity,  in 
contradistinction  to  a  smaller  one,  termed 
the  '  lesser  sigmoid,'  which  is  placed  on  its 
outer  side,  and  forms  a  socket  for  the 
rotation  of  the  head  of  the  radius.  In 
front  of  the  greater  sigmoid  cavity  is  a  section  through  the  greater 
rough  projection,  termed  the  '  coronoid  siomoid  cavity  of  the  ulna. 
process '  {Kopayvrj,  the  top  of  a  curve),  the  rough  surface  in  front 
of  which  gives  insertion  to  the  '  brachialis  anticus  '  (a  flexor  of  the 
fore-arm)  and  origin  to  the  second  head  of  the  '  pronator  teres,' 
and  the  second  head  of  the  'flexor  sublimis  digitorum.'f  Besides 
this,  it  limits  the  flexion  of  the  fore-arm.  When  the  arm  is 
bent  to  an  angle  of  about  40°,  the  point  of  the  process  strikes 
against  the  fossa  at  the  lower  part  of  the  humerus.  In  dislocation 
backwards  the  coronoid  process  is  very  liable  to  be  broken :  this 
complication  makes  reduction  more  easy,  but  subsequent  retention 
of  the  bones  in  their  proper  place  more  diflScult.  Violent  action 
of  the  brachialis  anticus  may  break  off  the  coronoid  process:  but 

*  .So  called  from  its  fancied  resombliiiico  to  tlio  letter  Sigma,  which  the  Greeks 
originally  twed  in  tho  form  of  tlia  Englisii  0. 

t  Very  often  the  coronoid  process  gives  origin  to  n  second  head  of  the  flexor  longus 
pollicis. 
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this  is  very  rare.  Mr.  Listen  mentions  an  instance  which  hap- 
pened to  a  boy  about  eight  years  old,  in  consequence  of  hanging 
with  one  hand  from  the  top  of  a  high  wall.  When  it  is  broken, 
the  coronoid  process  unites  by  ligament,  owing  to  the  action  of 
the  brachialis  anticus.  At  the  base  of  the  coronoid  process,  below 
the  insertion  of  the  '  brachialis  anticus,'  is  a  rough  tubercular 
elevation  for  the  insertion  of  the  oblique  ligament,  the  other 
extremity  of  which  is  attached  to  the  radius  just  below  the 
tubercle  for  the  biceps. 

Behind  the  sigmoid  cavity  is  the  '  olecranon 

0  LECHANON  • 

process '  {aiKevT],  elbow,  and  Kpdvov,  head).  This 
serves  many  purposes  and  plays  an  important  part  in  the  perfection 
of  the  hinge  of  the  elbow-joint.  It  gives  advantageous  leverage 
to  the  '  triceps,'  which  is  inserted  into  it  and  extends  the  fore-arm. 
It  forms  a  convenient  knob  of  bone  for  the  protection  of  the  joint 
when  we  lean  on  the  elbow,  and  it  limits  the  extension  of  the 
fore-arm.  The  surgical  interest  about  it  is,  that  it  is  sometimes 
broken  by  a  fall  upon  the  elbow ;  and  the  fracture  generally  takes 
place  just  at  the  slight  constriction  or  notch  where  the  olecranon 
joins  the  shaft:  so  that  the  joint  is  involved  in  the  mischief. 
Fractures  of  the  olecranon,  like  those  of  the  patella  and  coronoid 
process,  unite,  generally,  by  ligament,  because  it  is  so  difficult  to 
keep  the  fragments  in  apposition.  But  if  the  tendinous  expansion 
from  the  triceps  be  not  torn,  then  the  union  may  take  place  by 
bone. 

In  almost  all  injuries  about  the  elbow  joint,  however  swollen 
the  parts,  one  can  always  feel  the  olecranon  and  the  internal 
condyle  of  the  humerus.  In  determining,  therefore,  the  nature 
of  obscure  injuries  about  this  joint,  it  is  a  useful  practical  rule 
to  know  that,  when  the  arm  is  extended,  the  tip  of  the  olecranon 
and  the  internal  condyle  are  about  one  inch  apart  and  in  the  same 
transverse  line.  When  the  arm  is  bent  to  a  right  angle,  the 
olecranon  is  IJ  inch  from  the  condyle  and  below  it.  By  this  test 
we  can  distinguish  between  dislocation  of  the  ulna  backwards  and 
fracture  through  the  lower  end  of  the  humerus. 

The  shaft  of  the  ulna  is  triangular,  and  tapers 
gradually  from  the  upper  towards  the  lower  end, 
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whicb  inclines  a  little  outwards  towards  the  radius  and  terminates 
in  the  little  '  head '  round  which  the  radius  rolls.    A  transverse 
section,  seen  in  the  cut,  fig.  32,  shoAvs  22 
the  shape   of  the  radius  and  ulna 


ched  the  interosseous  membrane  which 

connects  the  bones.  Together,  they  form  a  shallow  concavity 
in  front  and  behind,  convenient  for  the  lodgment  of  the  muscles 
of  the  fore-arm. 

The  greater  part  of  the  front  as  well  as  of  the  inner  surface  of 
the  shaft  is  occupied  by  the  origin  of  the  *  flexor  profundus 
digitorum.'  On  the  front,  too,  we  see  the  canal  for  the  nutrient 
artery  of  the  medulla.  It  runs  toiuarda  the  elbow  like  that  in  the 
radius.  Lower  down  is  the  origin  of  the  '  pronator  quadratus.' 
The  back  part  of  the  shaft  is  marked  by  ridges  and  surfaces  for  the 
muscles,  as  follows : — Near  the  elbow  is  the  triangular  surface  for 
the  insertion  of  the  '  anconeus ; '  next  comes  the  ridge  for  the 
origin  of  the  '  supinator  radii  brevis ' :  observe  that  this  muscle 
also  arises  from  the  depression  just  below  the  lesser  sigmoid  cavity. 
Below  the  supinator  brevis  arise  in  succession  part  of  the  '  extensor 
ossis  metacarpi  poUicis,'  of  the  '  extensor  secundi  internodii  pol- 
licis,'  and  also  the  '  indicator.'  * 

Of  the  three  edges  of  the  shaft,  the  interned  gives  attachment 
to  the  interosseous  membrane;  the  anterior  is  covered  by  the 
origin  of  the  '  flexor  profundus  digitorum ' ;  the  posterior  gives 
origin  to  a  strong  aponeurosis,  which  not  only  covers  the  muscles 
on  the  inner  side  of  the  fore-arm,  but  also  affords  additional 
surface  for  the  origin  of  the  'flexor  carpi  ulnaris,'  the  'flexor 
digitonim  firofundus,'  and  the  'extensor  carpi  ulnaris.'  The 
posterior  edge  (or  ridge  of  the  ulna,  as  it  is  generally  called) 
deserves  the  more  notice,  because  it  is  subcutaneous,  and  can  be 
traced  all  the  way  down  ;  so  that,  in  a  doubtful  fracture,  this  is  the 
proper  place  to  feel  for  it.    Before  reaching  the  elbow  the  ridge 

•  It  is  not  uncommon  to  find  that,  sumo  of  Mio  fibres  of  tlio  'extensor  prinii 
infemwJii  pollicis'  arise  from  tlie  iilnn. 


about  the  middle.  "VVe  observe  that 
their  sharp  edges  are  turned  towards 
each  other,  and  that  to  these  is  atta- 
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bifurcates,  and  encloses  a  triangular  space,  which  is  also  subcu- 
taneous :  here  we  feel  for  fractures  of  the  olecranon. 

LowEB  End.  termed  its  '  head.' 

It  forms  a  fulcrum  upon  which  the  semilunar 
cavity  in  the  radius  rolls.  For  this  purpose  it  has,  on  one  side,  a 
convex  siuface,  forming  rather  more  than  half  a  circle,  round 
which  the  radius,  and  with  it  the  hand,  can  rotate  to  the  same 
extent.  It  has  also  another  articular  surface,  lined  with  a  synovial 
membrane,  which  looks  towards  the  wrist  joint,  and  corresponds 
with  the  interarticular  fibro-cartilage  interposed  between  it  and 
the  cuneiform  bone  of  the  wrist.  Observe  that  the  ulna  does 
not  reach  down  quite  so  low  as  the  radius,  though  this  fibro- 
cartilage  partly  fills  up  the  interval.  The  reason  why  the  ulna 
does  not  descend  so  low  as  the  radius  is,  to  allow  more  extensive 
horizontal  movement  of  the  wrist  towards  the  ulnar  side  of  the 
fore-arm. 

The  styloid  process  projects  from  the  lower  end  of  the  hack 
part  of  the  ulna,  that  it  may  not  interfere  with  the  rotation  of  the 
radius,  and  gives  attachment  to  the  internal  lateral  ligament  of 
the  wrist.  Between  the  process  and  the  head  there  is  a  groove  on 
the  posterior  aspect  of  the  bone  for  the  passage  of  the  tendon  of 
the  '  extensor  carpi  ulnaris '  (Plate  XXXVI.)  ;  and  inferiorly,  the 
process  is  separated  from  the  head  by  a  depression  for  the  attach- 
ment of  the  triangular  fibro-cartilage  of  the  wrist. 

The  styloid  processes  of  the  radius  and  ulna  can  be  readily  felt 
beneath  the  skin,  and  are  important  guides  in  the  determination  of 
injmies  of  the  wrist,  whether  fracture  of  the  radius  or  dislocation. 
The  relative  position  of  the  styloid  processes  with  regard  to  the 
axis  of  motion  at  the  wrist  will  settle  the  question. 

The  ulna  has  three  centres  of  ossification, — one 

OssmcAnoN.  , 

for  the  shaft  and  coronoid  process,  one  for  the 

lower  end,  and  a  third  for  the  olecranon.    The  lower  end  begins 

to  ossify  about  the  fifth  year,  and  unites  to  the  shaft  about  the 

twentieth.    The  top  of  the  olecranon  remains  cartilaginous  until 

the  age  of  eight,  about  which  time  it  begins  to  ossify :  it  coalesces 

with  the  base  about  puberty. 
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(Plates  XXXIV.  XXXV.  XXXVI.) 

The  skeleton  of  the  hand  consists  of  twenty-seven  bones.  The 
first  eight  are  the  little  bones  of  the  carpus ;  the  five  succeeding- 
bones  constitute  the  metacarpus :  these  support  the  bones  of  the 
fingers.  Each  finger  has  three  bones,  termed,  in  order  from  the 
wrist,  the  first,  second,  and  third  or  ungual  phalanx.  The  thumb 
has  only  two  phalanges,— namely,  the  first,  and  the  third  or 
ungual. 


THECARPUS. 
(PlATB  XXXVI.) 

NniBEE  AND  The  carpus  consists  of  eight  little  bones,  arran o-ed 

Names.  transversely  in  two  rows  of  four  each,  so  as  to  form 

a  broad  base  for  the  support  of  the  hand.  It  is  sometimes  asked. 
Why  are  there  so  many  bones  in  the  wrist?  The  answer  is,  that 
there  may  be  so  many  joints :  for  the  structure  of  a  joint  not  only 
permits  motion,  but  confers  elasticity.  Remember  '  that  each 
articular  surface  is  crusted  with  cartilage  to  prevent  jarring. 
Suppose  there  had  been  a  single  bone  instead  of  the  eight  carpal 
bones,  how  much  more  Hable  it  would  have  been  to  fracture  and 
dislocation.  As  it  is,  dislocation  of  one  or  more  bones  of  the 
carjjal  range  is  a  rare  occurrence ;  but  it  does  happen^:imetimes. 
Sir  C.  Bell  tells  us  that '  the  boy  that  played  the  dra'gon  in  the 
pantomime  at  Covent  Garden,  fell  upon  his  hands,  owing  to  the 
breaking  of  the  wire  that  suspended  him,  and  lie  suffered  disloca- 
tion of  some  of  the  carpal  .bones  in  both  hands.'  The  bones  of  the 
carpus  are  named  as  follow,  beginning  from  the  radial  side  :— 

First  Row    .    '  ScAnioiD,' '  skmilunak,'  '  cunkifokm,'  '  pisitohm.' 
Second  Row  .    '  Tkai'ezium,'  '  TnArazoiD,' '  os  maonum,'  '  uncitokm.' 
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A  minute  separate  description  of  each  of  these  hones  would  be 
exceedingly  tedious.  We  hope  to  bring  out  a  better  idea  of  their 
general  shape  and  arrangement  by  examining  them,  at  first,  col- 
lectively. For  this  purpose  it  is  very  desirable  that  the  student 
should  have  before  him  an  articulated  hand,  as  well  as  the  separate 
bones.  • 

Cabpai,  Arch  ■  ^  whole,  the  outline  of  the  carpus  is  oblong, 
with  the  broad  diameter  in  the  transverse  direc- 
tion. Its  bones  are  wedged  together  so  as  to  form  an  arch  with 
the  concavity  towards  the  palm,  beautifully  adapted  for  the 
passage  of  the  flexor  tendons  of  the  fingers.  Fig.  3  in  Plate  LVI. 
shows  that  the  piers  of  the  arch  are  formed  on  one  side  by  pro- 
jections from  the  scaphoid  and  trapezimn ;  on  the  other,  by  the 
pisiform  and  the  hook  of  the  unciform.  The  arch  is  converted 
into  a  complete  tunnel  by  the  anterior  annular  ligament. 
Radio-cabpai         Let  us  begin  with  the  bones  of  the  first  row. 

Excluding  the  pisiform,  which  is  only  an  outstand- 
ing '  sesamoid '  bone,  we  observe  that  the  scaphoid,  semilunar  and 
cuneiform  bones  form  a  convex  articular  surface,  which,  with  the 
lower  end  of  the  bones  of  the  fore-arm,  forms  the  radio-carpal 
joint.  This  joint  is  formed  so  as  to  admit,  not  only  of  the  move- 
ment of  flexion  and  extension,  but  also  of  the  horizontal  movement 
of  the  wrist  (abduction  and  adduction).  We  observe  also  that  the 
upper  articular  surfaces  of  the  first  row  are  prolonged  further  down 
their  dorsal  than  their  palmar  aspect :  hence  the  free  movement  of 
extension  at  the  wrist.  Looking  at  the  articular  surfaces  of  the 
individual  bones,  we  observe  that  those  of  the  scaphoid  and  semi- 
lunar fit  into  the  radius ;  while  that  of  the  cuneiform,  which  is  the 
least  extensive  of  the  three,  corresponds  with  the  ulna,  not  imme- 
diately, hat  by  means  of  the  triangular  fibro-cartilage  attached  in 
the  recent  state  to  the  lower  end  of  the  ulna.  The  bones  of  the 
first  row  articulate  with  each  other  by  plane  surfaces  crusted  with 
cartilage,  but  they  are  so  firmly  connected  by  ligaments  that  there 
is  very  little  movement  between  them. 
Intercabpal  Collectively,  the  lower  ends  of  the  first  row 

form,  with  the  bones  of  the  second  row,  an  im- 
portant movable  joint,  which  we  call  the  '  intercari^al.'    It  is  very 
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different,  in  form  from  the  first  joint  (radio-cai-pal)  of  the  wrist, 
since  its  outline  is  alternately  convex  and  concave.  Now  the 
advantage  obtained  by  this  second  joint  is,  that  we  get  a  greater 
range  of  flexion  and  extension  at  the  wrist.  If  there  had  been 
only  a  single  joint  for  this  amount  of  motion,  it  would  have  been 
comparatively  insecure,  and  very  liable  to  dislocation,  whereas 
dislocation  of  the  wrist  happens  very  rarely  indeed.  By  reference 
to  Plate  XXXVI.  it  is  seen  that  the  lower  part  of  the  scaphoid 
has  a  convex  articular  surface  which  corresponds  with  the 
trapezium  and  trapezoid,  and  also  a  concave  one,  which,  with 
a  concavity  in  the  semilunar  and  cuneiform  bones,  forms  a  deep 
socket  fitted  to  receive  the  head  of  the  os  magnum  and  the 
unciform. 

Abticulations  We  observe,  also,  that  the  scaphoid  articulates 
OF  FiEST  Eow.  ^ith  five  bones  inclusive  of  the  radius  ;  the  semi- 
lunar with  five  inclusive  of  the  radius ;  the  cuneiform  with  four 
inclusive  of  the  ulna;  and  the  pisiform  with  one,  namely,  the 
cuneiform. 

In  consequence  of  the  flexors  and  extensors  of  the  wrist  being 
inserted  below  the  second  row  of  carpal  bones,  they  necessarily 
act  on  the  '  intercarpal  joint '  as  well  as  the  radio-carpal.  Thus  a 
greater  amoimt  of  motion  is  provided  at  the  wrist  than  it  otherwise 
could  have  possessed  with  safety.  If  such  free  motion  had  been 
given  to  one  joint,  the  angle  of  flexion  must  have  been  great  and 
the  ligaments  looser  than  would  have  been  consistent  with  the 
seciuity  of  the  joint. 

BoN-Es  OF  THE  With  respcct  to  the  upper  ends  of  the  bones  of 
Seco.vdRow.  the  second  row,  we  observe  that  the  trapezium 
and  trapezoid  form  a  shallow  socket  for  part  of  the  scaphoid,  while 
the  03  magnum  and  unciform  form  a  convexity,  which  fits  into 
the  deep  socket  formed  by  the  scaphoid,  semilunar,  and  cuneiform 
in  the  first  row.  Below,  the  second  row  supports  the  metacarpal 
bones,  as  follows :  The  trapezium  supports  the  metacarpal  bone  of 
the  thumb  by  a  concavo-convex,  or  saddle-shaped  sm-foce  •  the 
trapezoid  supports  tliat  of  the  fore-finger;  the  os  magnum  that  of 
the  middle  finger;  and  the  unciform  those  of  the  ring  and  little 
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fingers.  But  this  is  not  all.  Observe  that  the  trapezium  supports, 
also,  part  of  the  second  metacarpal  bone;  and  the  os  magnum, 
also,  part  of  the  second  and  the  fourth.  The  consequence  is,  that 
the  metacarpal  bones  present  different  degrees  of  mobility, — that 
of  the  thumb  being  the  most  movable,  those  of  the  fore  and  middle 
fingers  the  least. 

Aetictoations  Like  the  bones  of  the  first  row,  those  of  the 
OF  Second  Kow.  second  articulate  with  each  other  by  plane  surfaces 
firmly  connected  by  ligaments.  The  trapezium  articulates  with 
fom-  bones ;  the  trapezoid  with  four ;  the  os  magnum  with  seven  ; 
the  unciform  with  five. 

Distinction  op        Thus  far  we  have  examined  the  bones  of  the 

InditiddalBones.    carpus  collectively ;  how  are  we  to  distinguish  them 

individually?    "VMioever  remembers  what  has  been  already  said, 

will  not  have  much  difficulty  in  recognising  the  separate  bones ;  " 

but  it  requires  some  practice  before  one  can  pronounce  to  which 

hand  a  given  bone  belongs. 

The  '  scaphoid '  bone  may  be  told  by  its  boat- 
ScAPiioiD  Bone.  /     ,      ,  ,       s  n     . ,  , 

shaped  socket  {(TKa(j)r],  a  boat),  by  its  long  narrow 

groove  *  on  the  dorsal  aspect  between  its  two  convex  surfaces,  and 

by  its  '  tubercle '  for  the  attachment  of  the  ligaments  of  the  wrist 

(anterior  annular  and  external  lateral). 

Hold  the  bone  horizontally,  with  the  largest 
Eight  OK  Left?  „       ^    i  .  t         i  ii 

convex  surface  looking  upwards,  and  the  groove 

towards  yourself :  the  tubercle  will  point  to  which  hand  the  bone 

belongs. 

Semilunab  The  'semilunar'  bone  maybe  told  by  its  two 

Bone.  '  semilunes '  below  (whence  the  name) :  the  larger 

and  external  being  for  the  os  magnum,  the  lesser  and  internal  for 
the  unciform. 

Hold  the  bone  with  its  smooth  convex  surface 
Eight  OR  Left?    ^p^^^^.j^^       broader  (or  palmar)  non-articular 

surface  forwards,  and  the  semilunes  downwards,  resting  on  your 

finger ;  the  bone  will  slant  downwards  towards  the  side  to  which 

it  belongs. 


*  Tliis  gi'oove  is  for  the  insertion  of  Ibe  posterior  radio-carpul  ligament. 
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CrxKiFORM  The  '  cuneiform '  bone  may  be  told  by  its  little 

round  articular  surface  for  the  pisiform  bone,  and 
its  concavo-convex  surface  below  for  the  imciform. 
T,         T     n       Hold  the  bone  with  its  concavo-convex  surface 

Eight  OB  Left? 

downwards,  and  its  roimd  surface  for  the  pisiform 
looking  forwards ;  the  broader  end  will  be  on  the  side  to  which  the 
bone  belongs. 

_         ^  The  '  pisiform '  bone  may  be  told  by  its  pea- 

PlSlFOBil  BosE.  J  J  e 

shape  (whence  its  name) ;  and  by  its  single  concave 
articular  surface  for  the  cuneiform. 

Right  OB  Left'       "^^^^  ^^^^  ^^^^         articular  surface  up- 

wards, and  the  large  overhanging  projection  for- 
wards (which  is  the  natural  position  with  the  hand       Ym.  33. 
prone) ;  a  slight  fm-row  (fig.  33,  a)  close  to  the  arti- 
cular surface  will  be  on  the  side  to  which  the  bone 
belongs.    (It  is  often  difficult  to  determine  with 
certainty  to  which  side  this  bone  belongs.  The 

furrow  alluded  to  is  generally  sharply  marked,  deep,   

and  narrow  ;  be  careful  not  to  confound  it  with  the     biqht  pisi- 
wide  and  shallow  gi-oove  often  seen  on  the  opposite  slightly 

,  ,  .       ■,  „         .  ENLARGED. 

or  outer  side  of  the  articular  surface.) 
TBAPEzitm.  'trapezium'  (so  named  from  its  shape) 

may  be  told  by  its  saddle-shaped  articular  surface 
for  the  metacarpal  bone  of  the  thumb;  by  the  deep  groove 
for  the  tendon  of  the  '  flexor  carpi  radialis,'  and  the  prominent 
ridge  on  the  outer  side  of  that  groove  for  the  attachment  of  the 
anterior  annular  ligament,  and  the  origin  of  the  '  opponens '  and 
'alxluctor  pollicis.' 

Hold  the  bone  with  the  groove  upwards  and  in  the  antero- 
posterior direction,  but  with  the  prominent  ridge  nearest  to  you, 
the  saddle- shaped  suriace  (for  the  first  metacarpal  bone)  will  point 
to  the  side  to  which  the  bone  belongs. 
TsAPKzoTD  The  '  trapezoid  '  bone  (so  named  from  its  shape) 

"^ay  be  told  by  its  four  articular  surfaces  and  four 

angles. 

RioHTOBLKrr?       ^^''^'^  ^''^  ^ith  the  large  non-articular 

(dorsal)  surface  backwards,  and  tlie  palmar  sur- 

M  '2. 
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face  forwards,  with  its  narrowest  side  uppermost ;  tlien  tlie  corner 
of  the  palmar  surface  which  appears  sliced  off  will  be  on  the  side 
to  which  the  bone  belongs. 

The  '  OS  magnum '  is  the  largest  and  most  im- 
Os  AGNUM.  portant  of  all  tlie  carpal  bones.  It  forms  the 
'median  axis'  of  the  hand,  and  articulates  with  seven  bones. 
Its  large  round  '  head'  forms  the  ball  for  the  socket-  in  the  sca- 
phoid and  semilunar  above.  Its  outer  border  articulates  with  the 
trapezoid  ;  its  inner  with  the  unciform ;  its  lower  with  the  third 
metacarpal  bone  chiefly,  and  also  with  the  second  and  fourth. 
Its  posterior  dorsal  surface  is  flat  and  rough  :  its  anterior  bulges  a 
little  forwards. 

Hold  the  bone  with  the  head  up,  and  dorsal 
Eight OE Left?    ^^^^^^^  towards  you:  the  largest  surface  of  the 
round  head  will  be  towards  the  thumb  of  the  hand  to  which  it 
belongs. 

The  '  unciform '  bone  may  be  told  by  its  re- 
Uncifobm  Bone.    ^^^.^^^^^  hook-like  process ;  whence  its  name. 

Hold  the  bone  with  the  unciform  process  down- 
EightobLeft?    ^^^^^^  articular  surface  with  the  two 

facets  (for  the  fourth  and  fifth  metacarpals)  directed  forwards. 
The  convexity  of  the  process  will  look  towards  the  hand  to  which 
it  belongs. 

No   muscles  are  connected  with  the  dorsal 

I^USCIjES  AT' 

tachedtothe  surface  of  the  carpus.  On  the  palmar  aspect 
Cabpai  Bones.  ^^^^  pisiform  gives  insertion  to  the  '  flexor  carpi 
ulnaris,'  and  origin  to  the  '  abductor  minimi  digiti.'  The  tra- 
pezium gives  origin  by  its  'ridge 'to  the  '  opponens  poUicis,' to 
part  of  the  '  abductor,'  and  of  the  outer  head  of  the  '  flexor  brevis 
pollicis.'  The  trapezoid  and  os  magnum  to  the  '  flexor  brevis 
poUicis.'  The  unciform  gives  origin  by  its  '  process  '  to  the  '  flexor 
brevis  minimi  digiti,'  and  to  the  '  opponens  minimi  digiti.' 

Ossification  The  carpus  is  entirely  cartilaginous  at  birth. 

oFTHrCA™  Each  bone  ossifies  from  a  single  nucleus.  The 
Bones.  nucleus  of  the  os  magnum  appears  in  the  first 

year  ;  that  of  the  unciform  in  the  second  ;  that  of  the  cuneiform 
in  the  third  ;  those  of  Uve  trapezium  and  semilunar  in  the  fifth  ; 
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th  at  of  the  scaphoid  in  the  eighth ;  that  of  the  trapezoid  in  the 
ninth  ;  that  of  the  pisiform  in  the  twelfth.  This  is  the  last  bone 
in  the  body  to  ossify. 


THE  METACAEPUS. 
(Plates  XXXIV.,  XXXV.) 

The  metacarpus  consists  of  the  five  bones  which  support  the 
phalanges  of  the  thumb  and  fingers.  We  speak  of  them  as  the 
first,  second,  third,  etc.,  counting  from  that  of  the  thumb.  Con- 
sidering them  as  '  long  bones,'  which  they  very  much  resemble  in 
their  general  structm-e,  we  speak  of  their  shafts  and  their  two  ends  ; 
the  upper  end  being  termed  the  '  base,'  the  lower,  the  '  head '  of 
the  bone. 

Shafts  "^^^  'shafts'  are  slightly  concave  towards  the 

palm,  to  form  the  hollow  of  the  hand.  They  are 
more  or  less  triangular,  being  made  so  by  the  impressions  of  the 
'  interosseous '  muscles  which  occupy  the  '  interosseous  spaces.' 
The  apex  of  the  triangle  is  on  the  palmar  smface,  the  base  on  the 
dorsal  surface  for  the  convenient  support  of  the  extensor  tendons 
of  the  fingers. 

Bases  OH  Ufpee  Their  '  bases  '  articulate  not  only  with  the  bones 
of  the  carpus,  but,  by  '  lateral  facets,'  with  each 
other  :  that  of  the  thumb,  however,  stands  out  alone,  so  as  to  oppose 
all  the  others.  It  is  one  of  the  great  characteristics  of  the  hand 
of  man,  that  the  point  of  the  thumb  can  touch  with  perfect  ease 
the  tips  of  all  the  fingers. 

Heads.  -^^^  °^  '  ^^^^^ '  ^^^^  convex  surfaces 

for  articulation  with  the  first  phalanges  of  the 
fingers.  These  surfaces  extend  chiefly  towards  the  palm.  They 
allow  the  fingers  not  only  to  be  bent  and  extended,  but  to  be 
moved  laterally.  On  each  side  of  their  heads  is  a  projection  for 
the  attachment  of  the  lateral  ligaments. 

The  shaft  of  each  metacarpal  bone  has  a  canal  for  the  nutrient 
artery  of  the  medulla.    In  (he  second,  third,  fourth,  and  fifth 
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metacarpal  bones,  the  direction  of  this  canal  is  upwards ;  but  in 
the  metacarpal  bone  of  the  thumb  its  direction  is  downwards. 
This  is  in  accordance  with  the  law  which  regulates  the  union  of 
the  epiphyses  (p.  25). 

Metacarpal  '^^^  metacarpal  bone  of  the  thumb  is  distin- 

BoNB  OF  THE  gulshed  by  the  characteristic  saddle-shaped  sur- 

Thumb.  |Vj^^g      ^jjg  base,  which  articulates  with  the  trape- 

zium. Besides  which,  its  shaft  is  shorter,  broader,  and  stronger 
than  the  others,  in  accordance  with  the  many  and 
powerful  muscles  which  act  ujoon  it.  There  are  no 
less  than  nine  muscles  to  work  the  thumb.  Observe 
that  the  great  mobility  in  all  directions  of  the 
thumb,  so  essential  to  the  power  and  perfection  of 
the  human  hand,  depends  upon  this  saddle-shaped 
joint  at  its  base;  and  that  its  power  of  antagonis- 
ing the  fingers  is  owing  to  its  base  being  set  ofif  on 
a  plane  anterior  to  them.*  On  the  palmar  aspect 
BASE  OF  FIRST  jjg^d^  obsBrve  two  smooth  surfaces  occasioned 

c1^pIl,'Tuter  %  the  play  of  the  outer  and  inner  sesamoid  bones 
SIDE.         which  are  connected  with  the  tendons  of  insertion 
of  the  '  flexor  brevis  pollicis.' 

Hold  the  bone  with  the  base  towards  you,  and 
Eight  OR  Left?  ^^^.^^^  ^^^.^^^^  uppermost.    The  base  will  in- 

cline slightly  towards  the  side  to  which  -  it  belongs.  The  impres- 
sion on  one  side  of  the  base  (indicating  the  insertion  of  the 
extensor  ossis  metacarpi  pollicis)  will  look  away  from  the  side  to 
which  the  bone  belongs  (see  fig.  34). 

*  Sir  Charles  Bell,  in  his  work  on  the  Hand,  siiys  :  '  It  is  npon  the  length,  strength, 
free  lateral  motion,  and  perfect  mobility  of  the  thumb  that  the  superiority  of  the 
human  hand  depends.'  He  might  have  pointed  out  by  what  a  simple  contrivance 
nature  provides  for  this  perfect  mobility.  It  is  this.  '  The  saddle-shaped  surface  by 
which  the  trapezium  articulates  with  the  metacarpal  bone  of  the  thumb,  instead  of 
looking  directly  forward,  is  made  to  incline  outwards  by  a  little  buttress  of  bone  which 
projects  from  the  inner  and  front  part  of  the  trapezium.  This  buttress  answers  yet 
another  purpose.  It  articulates  with  the  firmly  fixed  metacarpal  of  the  fore-finger 
But  for  this  contrivance,  the  thumb  would  fall  into  the  same  line  as  the  fingers,  and 
would  not  possess  that  power  of  opposing  them  which  makes  the  human  hand  such  a 
wonderful  instrument.'  The  preceding  observation  was  made  by  Mr.  J.  Lockwood,  a 
student  at  St.  Bartholomew's  Hospital. 
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Right  OE  Left? 


BASE  OF 
SECOND  EIGHT 
METACAEPAL, 
INNER  SIDE. 


Metacabpal  of  The  metacarpal  bone  of  the  fore- 
FoKE-FiKOEE.  finger  is  distinguished  by  its  deeply 
indented  surface  at  the  base,  which  is  immovably 
wedged  with  three  of  the  carpal  bones;  also  by 
having  a  '  lateral  facet '  on  the  inner  side  for  the  third 
metacarpal. 

Hold  the  bone  with  the  base  towards 
you  and  the  dorsal  smface  upwards ; 
the  lateral  facet  will  be  on  the  side  to  which  the  bone 
belongs.    See  fig.  35. 

Metacaepal  of  The  metacarpal  bone  of  the  middle 
Middle  Fingee.  finger  may  be  known  by  its  having  a 
smooth  square  surface. at  the  base  for  the 
03  magnum,  and  an  angular  projection  at 
the  comer  of  it  for  the  insertion  of  the 
'  extensor  carpi  radialis  brevior.'  It  has 
also 'lateral  facets'  on  each  side.  Some- 
times, as  seen  in  fig.  36,  the  inner  facet 
is  divided  into  two. 

With  the  base  towards 
you  and  the  dorsal  surface 
uppermost,  the  corner  of  the  base  which   ^^^^^  side,    odtbb  side, 
has  no  projection  will  be  on  the  side  to 
which  the  bone  belongs. 

Metacabpal  of  The  metacarpal  bone  of 
EixoFn,-GHB.  the  ring  finger  articulates 
with  the  unciform  and  part  of  the  os  magnum. 
It  may  be  distinguished  by  its  smaller  size ; 
by  the  absence  of  the  angular  projection  at 
the  base,  which  is  flat,  and  by  its  having  two 
facets  on  the  outer  side  and  one  on  the 
inner  (figs.  38,  39). 

With  the  base  towards 

you  and  the  dorsal  surface 

uppermost,  the  base  has  a  slight  inclination  towards  the  side  it 
r)elong3  to. 


Eight  OH  Left? 


base  OF  THE  THIED  EIGHT 
METACABPAL. 


Right  OB  Left? 


INNEB  SIDE.      OUTEE  SIDE. 
BASE  OF  FOURTH  EIGHT 
METACAEPAL. 
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Fio.  40. 


Fig.  41. 


Metacarpal  of 
Little  Finger. 


INNER  SIDE. 


BASE  OF  FIFTH  RIGHT 
METACARPAL. 


The  metacarpal  bone  of 
the  little  finger  may  be  re- 
cognised by  its  concavo-convex  surface  at  the 
base  to  articulate  with  the  unciform  bone, 
and  by  its  having  only  one  lateral  facet,  namely, 
on  the  outer  side  (fig.  40).  The  projection 
on  the  inner  side  of  the  base  is  for  the  '  ex- 
tensor carpi  ulnaris.' 

With  the  base  towards  you 
and  the  dorsal  face  upper- 
most, the  projection  from  the  side  of  the  base 
■will  be  on  the  side;,  to  which  the  bone  belongs. 

Ossification  of  ^  general  rule,  each  metacarpal  bone  has 

Metacarpal  a  centre  of  ossification  for  the  shaft  and  upper 

end,  which  appears  about  the  eighth  week. 
Each  also  has  an  epiphysis  at  its  lower  end,  of  which  the 
nucleus  appears  about  the  fourth  year.  The  metacaipal  bone  of 
the  thumb,  however,  has  its  epiphysis  at  the  upper  end,  like  the 
phalanges  of  the  fingers.  All  unite  to  the  shafts  about  the  twentieth 
year. 

.  To  the  rule  above  stated  there  are  certainly  exceptions.  I  have 
seen  preparations  clearly  showing  separate  epiphyses  at  the  upper 
ends  of  the  metacarpal  bones  of  the  fore  and  middle  fingers.  I 
have  also  seen  a  separate  epiphysis  at  the  lower  end  of  the  meta- 
carpal bone  of  the  thumb.  Whether  these  additional  epiphyses 
be  normal  or  exceptional,  they  always  unite  the  first  to  the  shaft, 
in  accordance  with  the  direction  of  the  artery  of  the  marrow,  which 
in  the  metacarpal  of  the  thumb  runs  towards  the  lower  end,  in 
those  of  the  fingers  towfirds  the  upper. 


TJIi:  BONUS  OF  THE  FINGERS. 
(Plate  XXXIV.) 

General  Each  finger  consists  of  three  bones,  successively 

Description.  decreasing  in  size,  and  termed  respectively  tlie 
first,  second,  and  last  or  ungual  '  phalanges.'   The  thumb  has  only 
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two  phalanges,  and  these  correspond  to  the  first  and  last  of  those 
of  the  fingers.    A  general  description  will  suffice  for  all. 

The  structure  of  each  phalanx  is  precisely  like  that  of  the  great 
long  bones,  and  a  longitudinal  section  through  one  of  them  would 
display  the  great  thickness  of  the  compact  wall  of  the  shaft. 

Considering  the  phalanges  as  '  long'  bones,  we  speak  of  their 
shafts  and  their  articular  ends.  The  shafts  are  convex  on  the 
dorsal  surface,  and  flat  on  the  palmar,  for  the  convenient  play  of 
the  flexor  tendons  :  and  here  observe,  that  on  each  side  of  this  flat 
svurface  there  is  a  ridge  for  the  attachment  of  the  fibrous  sheath 
(theca),  which  keeps  the  tendons  in  their  place. 

Febst  The  first  phalanges  are  distinguished  by  their 

Phalaxges.  greater  length,  and  by  tlie  shape  of  their  upper 

(metacarpal)  ends,  which  do  not  form  strictly  hinge-joints,  but 
have  concave  oval  surfaces,  with  the  long  diameters  transverse, 
adapted  for  lateral  movement  as  well  as  flexion  on  the  heads  of  the 
metacarpal  bones.  In  accordance  with  this  lateral  movement,  we 
observe,  on  each  side,  a  tubercle  for  the  insertion  of  the  inter- 
osseous muscles  which  produce  it.  Their  distal  ends  are  divided 
by  a  shallow  groove  into  two  little  condyles  with  lateral  tubercles 
for  the  ligaments. 

Secokd  The  second  phalanges  are  shorter  than  the  first, 

Phalanges.  ^nd  are  recognised  by  the  shape  of  their  upper 

ends,  which  have  two  little  concave  surfaces,  with  an  intervening 
ridge,  so  as  to  form  a  hinge  with  the  little  condyles  of  the  first 
phalanges.  They  have  also  tubercles  behind  for  the  insertion  of 
the  extensor  tendons. 

Third  The  last  or  ungual  phalanges  are  the  shortest. 

Phalanges.  tj^^-j.  ^^^^  expand  into  a  horse-shoe  shape,  smooth 

on  one  surface  for  the  support  of  the  nails,  and  rough  on  the  other 
for  the  support  of  the  pulp  of  the  fingers. 

Fingers.  Why  has  been  asked.  Why  are  not  the  fingers  of 

liS^'' ^^^^^  ^evgih  ?    Close  them  upon  the  palm  and 
then  see  whether  or  not  they  correspond.  This 
difference  in  the  length  of  the  fingers  serves  a  thousand  purposes 
to  which  the  works  of  human  art  and  industry  bear  ample  testi- 
mony. 
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It  may,  perhaps,  be  interesting  to  some  persons  to  know  that 
the  '  middle  digit '  is  the  most  constant  of  all  the  digits  in  the 
vertebrate  series.  Few  are  aware  that  the  bones  forming  the  three 
joints  of  this  finger  answer  to  those  called  '  great  pastern  bone,' 
'little  pastern  bone,'  and  '  coffin  bone'  in  the  horse;  and  that  the 
nail  in  this  finger  represents  the  hoof. 

Ossification  of  Each  phalanx  has  two  centres  of  ossification  ; 
THE  Phalanges.  one  for  the  shaft  and  the  lower  end;  the  other 
for  the  upper  end,  which  remains  an  epiphysis  till  about  the 
twentieth  year. 

Sesamoid  Bones. 

(Plate  XXXIV.) 

Position  AND  Use.  These  little  bones  are  so  called  from  their 
resemblance  in  size  and  shape  to  the  grain  '  sesamum.^  They  are 
met  with  in  the  substance  of  tendons  in  the  neighbourhood  of  joints, 
— the  '  patella,'  or  '  knee-pan,'  being  'the  best  example.  Their  use 
is  to  increase  the  leverage  of  the  tendons.  The  thumb  has  two  of 
these  bones  beneath  its  metacarpal  joint,  to  increase  the  leverage 
of  the  '  flexor  brevis  pollicis.'    We  rarely  find  any  for  the  fingers. 

Of  all  animals,  the  mole  has  the  most  remarkable  apparatus  of 
'  sesamoid '  bones.  Its  prodigiously  strong  digging  feet  are  richly 
provided  with  them,  in  order  to  increase  the  leverage  of  the 
brachial  muscles,  which  enable  the  animal,  as  it  were,  to  swim 
through  the  earth. 

Interosseous  Muscles. 

NuMBEB  AND  ThcrB  aro  eight  interosseous  muscles :  four  on 

Abbangement.  the  dorsal  aspect,  and  four*  on  the  palmar  aspect 
of  the  hand.  The  dorsal  interossei  arise  from  the  opposite 
sides  of  the  metacarpal  bones,  and  are  inserted  into  the  first 
phalanges  of  the  fingers,  so  that  they  separate  the  fingers  from 
each  other;  in  other  words,  they  draw  the  fingers  from  a 
stationary  line  supposed  to  pass  down  the  centre  of  the  middle 
finger,  as  represented  by  the  dotted  line  in  fig.  42. 

*  Counting  the  adductor  pollicis  as  au  interosseous  muscle. 
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The  palmar  interossei  arise  each  from  one  metacarpal  bone,  and 
are  inserted  into  the  fingers,  so  that  they  bring  them  together  ;  in 


Fio.  42.  Fig.  43. 


FOUB  DOESAL  INTEHOSSEI  FOVU  PALMAE  INTBEOSSEI 

DRAWING  FEOM  THE  MIDDLE  LINE.  DEAWING  TOWABDS  THE  mDDLE  LINE. 

fact,  they  draw  tovjards  the  stationary  line  down  the  centre  of  the 
middle  finger,  as  shown  in  fig.  43. 
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BONES  OF  THE  LOWER  EXTREMITY. 

Constituent       The  bones  of  the  lower  extremity  consist  of  the 
'  femur,'  the  '  patella,'  the  two  bones  of  the  leg, 
namely,  the  'tibia'  and  '  fibula,' the  bones  of  the  'tarsus,'  the 
'  metatarsus,'  and  the  '  phalanges '  of  the  toes. 

The  femur  articulates  with  the  pelvis.  Now  the  pelvis  itself 
is  composed  of  several  bones, — namely,  the  '  os  sacriun,'  the 
'  coccyx,'  or  terminal  piece  of  the  spine,  and  the  two  '  ossa  inno- 
minata,'  one  on  each  side.  These  several  bones  are  wedged  together, 
so  as  to  form  an  arch.  The  weight  of  the  spine  is  supported  by 
the  sacrum,  or  key-stone  of  the  arch ;  and  the  weight  of  th»  trunk 
is  transmitted  from  the  sides  of  the  arch  on  to  the  thigh  bones. 
We  must  therefore  study — first,  the  constituent  bones  of  the 
pelvis,  beginning  with  the  '  os  innominatum  ; '  secondly,  the  pelvis 
as  a  whole. 


OS  INNOMINATUM. 
(Plate  XXXVII.) 

The  '  OS  innominatum,'  so  named  by  Galen,  is 
made  up  of  thi-ee  bones,  distinct  in  childhood,  but 
united  in  the  adult,  and  termed  the  'ilium,' 
'  ischium,'  and  '  pubes.'  Thus  its  constituents 
have  received  appropriate  names,  but  the  bone,  consolidated, 
remains  '  nameless.'  The  '  ilium '  is  the  expanded  part  which 
supports  the  flank  (ilia)  ;  the  '  ischium'  supports  the  body  in  the 
sitting  posture  (tVj^ta,  the  buttocks);  the  'pubes'  is  the  front 
part — so  called  from  its  being  covered  with  hair.  All  three 
pontribute  to  form  the  '  acetabulum,'  or  socket  for  the  head  of  the 
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femur,  and  in  the  following  proportions  (fig.  3)  : — the  ischium 
contributes  rather  more  than  two-fifths,  the  ilium  rather  less  than 
two-fifths,  and  the  pubes  about  one-fifth.  Until  the  age  of  puberty 
they  are  separated  at  the  bottom  of  the  acetabulum  by  a  piece  of 
cartilage  shaped  like  the  letter  Y.  In  the  adult,  however,  little 
trace  is  left  of  the  original  division,  so  that,  for  practical  purposes, 
it  is  better  to  consider  the  bone  as  one,  and  to  describe  successively 
its  iliac,  pubic,  and  ischial  portions. 

In  studying  the  relative  bearings  of  these  several  parts  in  the 
erect  position  of  the  body,  it  is  necessary  that  the  bone  be  held 
at  such  an  inclination  that  the  '  notch '  in  the  margin  of  the 
acetabulum  directly  faces  the  ground. 

^  The  '  ilium  '  (os  ilii)  forms  a  broad  expanse  for 

the  support  of  the  abdominal  viscera,  and  gives  a 
powerful  leverage  to  the  great  muscles  which  balance  the  pelvis  on 
the  head  of  the  femur.  We  must  examine  its  outer  and  inner 
surfaces,  and  its  borders. 

OuTEE  SuEFACE  The  outor  surface  of  the  ilium  (dorsum  ilii)  is 
OF  THE  Ilium.  slightly  undulating,  being  convex  on  its  anterior 
half,  and  concave  on  its  posterior.  In  a  well-marked  bone,  we 
discern  the  traces,  termed  the  '  superior  and  inferior  curved  lines,' 
which  map  out  the  origins  of  the  gluteal  muscles.  These  lines 
commence,  the  one  at  the  '  anterior  superior  spine,'  the  other  a  t 
the  'anterior  inferior  spine,'  and  extend  backwards  to  the 
'greater  ischiatic  notch.'  The  surface  above  the  superior  line 
gives  ojigin  to  the  'gluteus  medius';  that  between  the  lines  to 
the  '  gluteus  minimus.'  A  rough  surface  further  back  indicates 
the  origin  of  a  part  of  the  'gluteus  maximus.'*  Just  above 
the  acetabulum  is  the  second  origin  of  the  'rectus'  (femoris),  the 
first  being  at  the  'anterior  inferior  spine.' 

IjwEBStTBFACE:  Thc  Inucr  surface  of  the  ilium  is  slightly  exca- 
iLiAc  Fossa.  yated,  SO  as  to  form  the  '  iliac  fossa.'    This  fossa 

is  one  of  the  characteristics  of  the  human  skeleton,  and  its  use 

•  The  ridge  between  the  origin  of  tho  gluteus  medius  and  the  ilinc  origin  of  the 
glutens  maximns  is  called  the  'superior  curved  line'  by  some  anatomists  ;  then,  our 
•snperior^  is  thdr  '  middle.'  Authors  differ  about  the  names  of  those  'linos,'  but  agree 
ab'iUt  their  existence. 
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is  to  support  the  abdominal  viscera.  It  gives  origin  to  the  '  iliacus 
internus.'  Hold  the  bone  to  the  light,  and  observe  that  the  bottom 
of  the  fossa  is  the  thinnest  part  of  the  ilium,  for  the  good  reason, 
that  it  is  out  of  the  line  of  the  weight  of  the  body.  The  fossa  is 
bounded  below  by  the  '  linea  ilio-pectinea,'  which  forms  the  true 
'irim  of  the  'pelvis'  This  brim  is  the  thickest  and  strongest 
part  of  the  bone,  since  it  is  the  '  line  of  the  pelvic  arch,'  along 
which  the  weight  of  the  trunk  is  transmitted  to  the  head  of  the 
thigh  bone.  No  one  can  form  an  adequate  idea  of  the  massive 
architecture  of  this  part  of  the  pelvis  without  inspecting  a  longi- 
tudinal section  such  as  we  have  shown  in  Plate  XLI.  But  we 
must  postpone  for  the  present  the  mechanism  of  this  beautiful 
arch.  Behind  the  iliac  fossa  is  the  articular  surface  for  the 
sacrum  (sacro-iliac  symphysis).  The  front  part  of  this  is  shaped 
like  a  little  ear,  and,  in  the  recent  state,  crusted  witli  cartilage, 
which  acts  as  a  'buffer'  to  the  joint,  while  the  hinder  part  is 
exceedingly  rocky  for  the  attachment  of  the  strong  '  interosseous ' 
ligament  which  secures  it.  Lastly,  on  the  inner  surface  is  the 
large  foramen,  which  transmits  nutrient  blood-vessels  and  a  nerve 
into  the  cancellous  texture. 

Chest  anb  "^he  upper  border  of  the  ilium  is  termed  the '  crest.' 

Spines  of  the        Looking  at  it  from  above,  we  observe  that  its  outline 
is  alternately  concave  and  convex,like  the  adjoining 
figure  (44),  in  adaptation  to  the  general  surface  of  the  ilium,  which 
Fto.  44.     undulates  at  the  one  part  to  form  the  '  iliac  fossa '  (i), 
and  at  the  other,  to  form  what  may  be  termed  the 
'gluteal  fossa'  (g),  for  the  convenient  lodgment  of  the 
muscles  of  the  buttock.    The  crest  is  rough  and  broad, 
and  is  spoken  of  in  the  '  schools '  as  presenting  three 
'  lips  ' — an  '  outer,'  an  '  inner,'  and  a  '  middle,' — for 
the  origin  of  the  muscles  which  form  the  lateral  walls 
of  the  abdomen.    The  outer  lip  gives  origin*  to  the 
CTHVEs  OF   £  tensor  fasciiB  femoris,'  the  '  obliquus  externus  abdo-: 
EIGHT  ILIUM,  ^^^g ,  i  i^tissimus  dorsi ' ;  the  middle  lip  gives 

origin  to  the  '  obliquus  internus ' ;  and  the  inner  lip  to  the 

*  This  is  by  some  considered  as  an  '  insertion.'  It  is  an  open  question,  of  which 
the  answer  depends  upon  the  varying  actions  of  the  ninsclo. 
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'  transversalis  abdominis,'  the  '  quadratus  lumborum,'  and  a  part  of 
the  '  erectoi*  spin®.' 
Anterior  Along  the  front  border  of  the  ilium  we  have  to 

notice  the  '  anterior-superior  '  and  '  anterior-infe- 
rior spines,'  with  the  shallow  notch  between  them.  The  superior 
spine,  and  the  edge  of  the  notch  below,  give  origin  to  the '  sartorius,' 
and  the  inferior  spine  to  one  head  of  the  rectus.  Below  this  spine 
is  another  notch,  for  the  passage  of  the  iliacus  and  psoas  muscles, 
and  then  comes  the  '  ilio-pectineal  eminence,'  where  the  ilium  and 
pubes  join.  This  eminence  is  interesting,  practically,  as  the  part 
,  over  which  the  femoral  artery  passes  into  the  thigh,  and  against 
which  it  can  be  effectually  compressed. 

PosTEEioE  Along  the  posterior  border  of  the  ilium  are  the 

Spes-es  and  Iscm-  «  posterior-superior  '  and  '  posterior-inferior  spines,' 
ATic  Notches.  yfith  the  little  notch  between  them.  These  spines  are 
for  the  attachment  of  ligaments.  Below  the  spines  is  the  '  greater 
ischiatic  notch,'  which  transmits  the  great  vessels  and  nerves  from 
the  pelvis  to  the  buttock  and  back  of  the  thigh.    Lower  still  is 

Fig.  45. 


sacro-ischiatic  lie;ament. 


the  'spine  of  tlio  ischium,'  and  then  we  come  to  the  'lesser 
iftchiatic  notch.'  In  the  recent  state  the  notches  are  converted 
into  complete  holes  by  the  '  sacro-ischiatic  ligaments,'  greater  and 
Wr  respectively,  as  shown  in  the  cut,  fig.  45.  These  ligaments 
answer  three  important  purposes:  1.  Tliey  mainly  contribute  to 
the  fixation  of  the  sacrum,  which  is  the  keystone  of  the  pelvic 
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arch ;  2.  They  afford  an  extensive  surface  for  the  origin  of  the 
great  muscle  of  the  buttock  (gluteus  maximus) ;  3.  They  help 
to  form  the  floor  of  the  pelvis,  and  support  the  pelvic  viscera, 
without  adding  much  to  the  weight  of  the  cavity.  Returning  to 
the  notches,  bear  in  mind  the  several  objects  which  pass  through 
them.    These  objects  are  as  follows  : — 

f  Gluteal  vessels  and  nerve. 
Pyriformis  muscle. 
Grreater  and  lesser  ischiatic  nerves. 


Ischiatic  vessels. 


The  GrBBATER  IsCHIATIC  NoTCH 

transmits 

Pudio  vessels  and  nerve  (out  of  pelvis). 
Nerve  to  obturator  internus  (out  of  pelvis). 

1 Tendon  of  the  obturator  internus. 
Nerve  to  obturator  internus  (into  pelvis). 
Pudic  vessels  and  nerve  (into  pelvis). 

PuBEs,BoDY,  The  'pubes'  (Plate  XL.  fig.  1)  is  usually  de- 

AND  Kami.  scribed  as  having  a  '  body '  and  iwo  branches  :  one 

of  which,  called  the  '  horizontal  ramus,'  joins  the  ilium  at  the  ilio- 
pectineal  eminence  ;  the  other,  called  the  '  descending  ramus,' 
joins  the  ascending  ramus  of  the  ischimn.  Here  observe,  that  the 
terms  '  horizontal '  and  '  descending,'  as  descriptive  of  the  direction 
of  the  '  rami,'  are  likely  to  mislead.  But  they  have  crept  into 
general  use,  and  therefore  we  must  use  them.  The  error  has  arisen 
from  the  pelvis  having  been  described  as  if  it  were  horizontal, 
which  it  is  not.  Look  at  a  properly  articulated  skeleton,  or 
hold  the  pelvis  inclined  at  its  proper  angle  to  the  horizon,  and 
you  soon  see  that  the  pelvic  rami  run  in  a  direction  almost  the 
reverse  of  that  which  is  implied  by  their  names. 

The  '  horizontal  ramus '  of  the  pubes  is  somewhat  triangular. 
Its  upper  surface  gives  origin  to  the  '  pectineus,'  and  is  marked  by 
the  continuation  of  the  true  brim  of  the  pelvis,  or  '  linea  Uio-pec- 
tinea;  which  gives  insertion  to  the  '  psoas  parvus  '  when  there  is 
one,  and  also  to  that  part  of  the  '  crural  arch '  termed  '  Gimbernat's 
ligament.'  The  inner  surface  forms  part  of  the  wall  of  the  true 
pelvis,  while  its  lower  surface  bounds  the  obturator  foramen,  and 
is  grooved  for  the  passage  of  the  obturator  vessels  and  nerve. 

The  '  descending  ramus '  of  the  pubes  inclines 

Pubic  Abch.       outwards  and  backwards,  and  forms,  with  its  fellow 
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of  the  opposite  side,  what  is  called  the  '  arch  of  the  pubes.'  The 
margin  of  the  arch  slopes  a  little  outwards,  and  has  a  gi'oove  for 
the  attachment  of  the  '  crus  penis '  in  the  male,  or  '  crus  clitoridis ' 
in  the  female.  This  shelving  of  the  arch  is  especially  considerable 
in  women,  to  facilitate  the  passage  of  the  child.  Behind  the 
groove  is  the  origin  of  the  '  constrictor  urethrae.' 

Body  and  Stu-  ^he  '  body '  of  the  pubes  (Plate  XL.)  is  con- 
PHTsis  OF  THE  nected  along  a  rough  and  somewhat  oval  surface 
to  the  answerable  part  on  the  opposite  bone.  This 
union  is  termed  the  '  symphysis  pubis.'  Observe  the  bones  are  not 
here  in  immediate  apposition,  but  united  by  fibro-cartilage  of  at 
least  fths  of  an  inch  in  thickness  in  front,  which  is  elastic,  like 
that  between  the  bodies  of  the  vertebrae,  and,  while  it  completes 
the  pelvic  arch  below,  serves  also  to  obviate  the  effects  of  con- 
cussion. The  summit  of  the  pubes  is  a  most  important  part  in 
relation  to  the  anatomy  of  hernia.  The  chief  point  of  interest  here 
Spike  of  Pubes  '  spi/)ie:    This  is  for  the  attachment  of  the 

'  crural  arch '  (Poupart's  ligament),  and  is,  surgi- 
cally, of  great  importance  as  the  guide  to  the  external  abdominal 
and  femoral  rings.  From  the  spine  we  trace  outwards  the  beginning 
of  the  '  Hnea  ilio-pectinea,'  where  '  Gimbernat's  ligament '  is  at- 
tached. Between  the  spine  and  the  symphysis  is  the  part  called  the 
'  crest,'  with  which  so  many  muscles  are  connected.    There  are, 
namely,  proceeding  from  the  front,  the  insertion  of  the  conjoined 
tendon  of  the  'internal  oblique'  and  ' transversalis,'  the  origin  of 
the  '  pyramidalis,'  and  that  of  the  '  rectus  abdominis.'    The  poste- 
rior surface  of  the  body  forms  part  of  the  waU  of  the  pelvic  cavity  ; 
and  you  should  observe  that  its  angle  of  incHnation,  as  well  as  that 
of  the  'symphysis,'  is  such  as  to  present  (in  the  erect  position)  a 
gently  sloping  plane  for  the  support  of  the  pelvic  viscera.  Lastly, 
its  anterior  surf-ace  is  rough  for  the  origin  of  muscles ;  namely,  the 
'  adductor  longus,'  '  brevis,'  and  part  of  the  '  magnus,'  also  the 
'  obturator  extemus '  and  the  '  gracilis.' 

IscHiTM.  Ti-BK-       The  ischium  completes  the  lower  part  of  tlie 
Zvr'^**"'''*'"'    innominate  bone.  (Plate  XXXVIL)    It  serves  to 
siippori.  the  trunk  in  sitting,  and  projects  ad- 
vantageously for  tbe  origin  of  the  hamstring  muscles.    If,  in 
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imagination,  we  separate  it  from  the  rest  of  the  bone,  then  we 
should  point  out  a  '  hody,^  which  is  the  most  bulky  part  of  it,  for 
the  formation  of  the  acetabulum :  from  this,  the  bone  drops  ver- 
tically to  form  the  '  tuberosity '  upon  which  we  sit ;  and  then, 
curving  forwards  like  a  hook,  it  forms  the  '  ascending  ramus,' 
which  unites  with  the  corresponding  part  of  the  pubes,  and  thus 
completes  the  'foramen  ovale.'    Leaving  the   acetabulum  for 
separate  study,  we  pass  on  to  notice  the  '  spine  of  the  ischium,' 
which  separates  the  '  greater '  from  the  '  lesser  ischiatic  notch.' 
There  is  much  to  be  said  about  this  spine.    Its  outer  side  gives 
origin  to  the  '  gemellus  superior' ;  its  inner  surface  to  the  '  coccy- 
geus '  and  a  part  of  the  '  levator  ani ':  the  front  part  of  the  '  levator 
ani,'  observe,  arises  from  the  body  of  the  pubes,  while  the  inter- 
mediate part  arises  from  a  tendinous  arch  thrown  across  from 
one  point  of  bone  to  the  other.    Eeverting  to  the  spine,  remem- 
ber that  the  lesser  sacro-ischiatic  ligament  is  attached  to  it, 
and  that  the  internal  pudic  artery  crosses  over  its  outer  surface. 
In  case  of  severe  haemorrhage  after  lithotomy,  it  would  be 
possible  in  a  thin  subject  to  compress  the  artery  against  the  bone. 

PoBAMEN Ovale,  The  'foramen  ovale'  or  'obturatum,'  some- 
OB  Obtueatom.  times  called  the  '  thyroid  foramen,'  is  a  wide 
opening  of  an  oval  form  in  the  male,  but  triangular,  with  roimded 
angles,  in  the  female.  It  is  closed  in  the  recent  state  by  the 
'  obturator  membrane,'  everywhere  except  at  the  top,  where  a 
small  aperture  is  left  for  the  passage  of  the  obturator  vessels  and 
nerve  into  the  thigh.  The  chief  purpose  of  the  hole  is  to  lighten 
the  pelvis.  The  membrane  serves  for  the  origin  of  the  obturator 
muscles  just  as  well  as  if  it  had  been  a  plate  of  bone :  besides  which, 
it  gives  a  little  during  the  passage  of  the  head  of  the  child.  Ex- 
ternaUy,  the  border  of  the  hole  gives  origin  to  the  '  obturator  ex- 
ternus.'  Between  the  Hps  of  the  acetabulum  and  the  upper  part 
of  the  tuberosity  is  a  groove,  in  front  of  which  the  obturator  ex- 
ternus  passes  to  its  insertion  into  the  femur. 

Behind  the  foramen  ovale  (Plate  XXXVII.),  the  ischium  presents 
a  smooth  and  extensive  smface  which,  with,  the  corresponding  part 
of  the  ilium,  forms  much  of  the  lateral  wall  of  the  pelvic  cavity. 
Observe  that  this  surface  inclines  so  as  to  form  a  gentle  slope  towai-ds 
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Fig.  46. 


the  lower  opening  of  the  pelvis.  Now  it  is  this  '  slope  of  the 
ischium '  which  guides  the  head  of  the  child  after  it  has  entered 
the  brim  of  the  pelvis,  and  makes  it  turn  so  that  the  longest 
diameter  of  the  head  corresponds  with  the  widest  part  of  the  out- 
let. The  greater  part  of  the  slope  gives  origin  to  the  '  obturator 
internus.'  This  muscle  also  arises  from  the  margin  of  the  obtu- 
rator foramen,  as  well  as  the  membrane  closing  it ;  and  with  this 
muscle  we  must  associate  the  lesser  is- 
chiatic  notch,  because  it  forms  the  beau- 
tiful pulley  (crusted  in  the  recent  state 
with  cartilage)  round  which  the  four  ten- 
dons of  this  muscle  turn,  in  order  to  reach 
the  thigh  bone. 

TiTBEEosiTT  OF  Thc  tubcrositj  of  the 
THE  Ischium.  ischium  answers  a  double 
piu^ose — 1.  It  serves  to  support  the 
tnmk  in  the  sitting  position  ;  2.  It  forms 
a  lever  for  the  action  of  the  hamstring 
muscles,  of  which  one  important  ftmction 
is  to  restore  the  body  to  the  erect  position 
after  stooping,  as  seen  in  the  annexed  cut, 
fig.  46.  Here  we  have  a  lever  of  the 
first  order.  The  fulcrum  F  is  at  the  hip- 
joint  ;  the  weight  W  is  the  trunk  of  the 
body ;  and  the  power  P  is  at  the  tuber- 
osity of  the  ischium,  where  the  hamstring 
muscles  arise.  On  the  '  tuberosity '  itself 
are  the  rough  impressions  made  by  the  strong  muscles  attached 
to  it.  (Plate  XXXVII.)  Its  well-marked  outer  border  gives  origin 
to  the  '  quadratus  femoris,'  behind  this  margin  is  a  slightly  con- 
cave surface,  narrowest  below,  for  the  origin  of  the  '  semimembra- 
nosus'; more  internally,  and  separated  by  a  ridge  from  the 
attachment  of  the  last-named  muscle,  is  an  almost  plane  surface 
from  which  arise,  together,  the  '  semitendinosus '  and  'biceps.' 
The  'gemellu.s  inferior'  arises  from  its  upper  border.  At  its 
lowest  part, anteriorly, begins  the  origin  of  the  'adductor  magnus  ' 
which  is  continued  a  long  way  up  the  ramus,  nearly  to  the  body 
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of  the  pubes.  Along  the  inner  side  of  the  tuberosity  is  a  rough 
ridge  to  which  the  greater  sacro-ischiatic  ligament  is  attached : 
anterior  to  this,  but  in  the  same  line,  is  the  origin  of  the  '  erector 
penis,'  and  that  of  the  '  transversalis  perinei  superficialis.' 

The  pudic  vessels  and  nerves  run  along  the  inner  side  of  the 
ischium,  not  quite  one  inch  and  a  half  from  the  inner  margin  of 
the  tuberosity. 

Acetabulum  Lastly,  we  come  to  the  '  acetabulum,'  so  named 

Its  DmBCTioN.  from  its  resemblance  to  an  ancient  vinegar  cup. 
Notches.  Observe  its  great  depth  and  hemispherical  form 

adapted  for  the  secure  lodgment  of  the  head  of  the  femur,  and  for 
more  or  less  movement  in  any  direction.   It  looks  downwards  and 
ouhoards  (in  the  erect  position),  so  as  to  transmit  the  weight  of  the 
trimk  directly  on  to  the  head  of  the  thigh  bone ;  and  the  upper  or 
iliac  portion  of  it  is  by  far  the  thickest  and  strongest,  since  it  has 
to  support  the  whole  weight  of  the  trunk.    AU  these  points  are  of 
interest,  because  they  are  characteristic  of  the  human  skeleton. 
As  before  stated  (p.  172)  it  is  formed  partly  by  the  ischium  (more 
than  two-fifths),  partly  by  the  ilium  (less  than  two-fifths),  and  the 
remainder  by  the  pubes.    There  are  two  notches  in  the  margin  or 
'  brim '  of  the  acetabulum.   The  upper  and  smaller  one  is  near  the 
ilio-pectineal  eminence,  and  permits  the  free  bending  of  the  thigh 
towards  the  abdomen.    The  other  and  larger,  specially  caUed  '  the 
notch,'  is  at  the  lowest  part  of  the  mai'gin.  It  permits  the  '  adduc- 
tion '  of  the  thigh,  as  when  we  cross  the  legs,  and  also  lets  blood- 
vessels run  into  the  acetabulum  to  supply  the  ligamentum  teres,  and 
the  fat  at  the  bottom  of  it.  Besides  which,  there  is  no  need  of  bone 
at  the  lowest  part  of  the  socket,  which  never  has  to  support  weight. 
Two  ligaments  are  attached,  to  the  borders  of  the  notch  :  one  is  the 
'ligamentum  teres';  the  other  is  the  'transverse  ligament'* 
wliich  runs  across  it  to  complete  the  margin  of  the  acetabulum. 
Deep  as  it  is,  even  in  the  dry  bone,  the  acetabulum  is  made  still 
deeper  in  the  recent  state  by  a  broad  rim  of  fibro-cartilage,  called 
the  '  cotyloid  ligament,'  which,  besides  increasing  its  depth,  serves 
as  a  '  sucker '  to  keep  the  head  of  the  bone  in  the  socket. 

*  The  transverse  ligament  is  sometimes  ossified  in  extreme  old  age.  See  a  pre- 
paration in  the  Huutoriau  Museum,  No.  5524.    Ostoologieal  Series. 
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Excavation  at  Looking  into  the  socket,  observe  that  it  is 
BOTTOM  OF  AcETA-  scQooth  eveiy whcie  (in  the  recent  state  crusted 
BULtm.  -with,  cartilage),  except  at  the  bottom,  where  there 

is  an  irregular  excavation  continuous  with  the  notch  below.  The 
use  of  this  is  to  allow  the  free  play  of  the  ligamentum  teres  within 
the  joint ;  it  is  partly  occupied  by  fat  and  synovial  fringes.  If  the 
socket  be  held  to  the  light,  the  bottom  of  it  will  be  found 
translucent.  This  thinness  explains  why,  in  some  cases  of  hip- 
joint  disease,  the  matter  makes  its  way  through  the  socket  into 
the  pelvic  cavity.*  It  likewise  explains  why  a  faU  on  the 
trochanter  major  is  able  to  fracture  the  bottom  of  the  acetabulum. 
There  is  a  preparation  f  in  the  Museum  of  St.  Bartholomew's 
Hospital  in  which  a  fracture,  caused  by  a  fall  on  the  trochanter  a 
few  months  before  death,  extended  in  several  directions  from  the 
centre  of  the  acetabulum  to  its  circumference. 

Ossification.  Besides  the  three  pieces  of  which  it  is  originally 

formed,  the  os  innominatum  has  four  '  epiphyses,' 
which  begin  to  appear  about  the  age  of  puberty.  One,  the  mar- 
ginal epiphysis,  skirts  the  crest  of  the  ilium.  There  is  a  second 
for  the  anterior-inferior  spine  ;  a  third  along  the  tuberosity  of  the 
ischium ;  and  a  fourth,  which  forms  a  thin  plate,  at  the  symphysis 
pubis.  The  Y-shaped  cartilage  at  the  bottom  of  the  acetabulum 
begins  to  ossify  at  puberty.  The  ilium  begins  to  ossify  first ;  the 
ischium  next ;  the  pubes  last.  The  rami  of  the  pubes  and  ischium 
unite  about  the  8th  year.  The  acetabulum  is  all  bony  about  the 
17th  year.  All  the  epiphyses  unite  to  the  main  bone  about  the 
25th  year. 

»  Sc.e  Museum  of  St.  BartholomeVs  Hospital.    Second  Series,  B.  18. 
t  Third  Series,  No.  62. 


182 


THE  SACRUM. 


THE  SACRUM. 
(Pjates  XXXVIII.,  XXXIX.) 

Situation  and  The  '  sacrum '  *  is  situated  at  the  back  of  the 
Inclination.  pelvis,  and  is  wedged  in  between  the  two  inno- 

minate bones,  so  as  to  form  the  'keystone'  of  the  arch  which 
supports  the  spine,  and  transmits  the  weight  of  it  to  the  lower 
limbs.  Observe  that  it  inclines  backwards,  and  forms,  with  the 
last  lumbar  vertebra,  a  rounded  angle,  termed  the  '  promontory ' 
of  the  sacrum.  This  inclination  answers  a  double  purpose :  it  not 
only  makes  more  room  in  the  pelvis,  but  breaks  the  force  of  shocks 
transmitted  from  the  pelvis  to  the  spine. 

Composed  of  Its  general  shape  is  triangular;  and  a  simple 

FiTE  VBETEBEiE.  iuspectiou  of  it  proves  that  it  consists  of  five 
vertebrEe,t  with  their  bodies  and  processes  all  consolidated  into  a 
single  bone.  Examine  its  anterior  and  posterior  surfaces,  its  sides, 
base,  and  apex. 

Anteeiob  Its  anterior  surface  is  concave  from  above  down- 

SuEFACB.  wards,  and  from  side  to  side,  in-adaptation  to  the 

*  It  is  not  easy  to  say  why  this  was  called  the  '  sacred  bone '  {Uphf  aa-rSov).  Tho 
reason  generally  assigned  is,  that  it  was  the  part  used  in  sacrifices.  The  following  is 
another:— It  appears  the  Jewish  Rabbis  entertained  a  notion  that  this  part  of  the 
skeleton,  which  they  caU  the  '  luz,'  would  resist  decay,  and  become  the  germ  from 
which  the  body  would  be  raised.  Hence  Butler  has  it — 
'  The  learned  Rabbins  of  the  Jews 

"Write  there's  a  bone,  which  they  call  "Luz," 

I'  the  rump  of  man,  of  such  a  virtue 

No  force  in  nature  can  do  hurt  to : 

All  th'  other  members  shall,  they  say. 

Spring  out  of  this,  as  from  a  seed 

All  sorts  of  vegetals  proceed ; 

From  whence  the  learned  sons  of  art 

"  Os  sacnim  "  justly  call  the  part.' 

Hudibbas,  cant.  ii.  part  iii. 

t  It  is  not  uncommon  to  meet  with  six  sacral  yertebra;.  Sometimes  there  are  but 
four.  The  first  sacral  may  be  detached  from  the  lower  sucral  vertebra;.  Again,  tho 
last  lumbar  may  be  anchylosed  to  the  sacrum  by  its  body,  or  to  tho  ilium  by  one  or 
both  of  its  transverse  processes.  This  last  condition  is  frequent  among  tlio  higher 
monkeys. 
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pelvic  cavity.  The  cm-vature  of  the  bone  forwards,  inferiorly,  not 
only  assists  in  supporting  the  pelvic  viscera,  but  permits  us  to  sit, 
which  we  could  not  have  done  had  the  bone  projected  like  a  tail. 
In  the  middle,  we  see  the  anchylosed  bodies  of  the  five  sacral 
vertebrie  decreasing  in  size  from  above  downwards,  and  the  four 
transverse  ridges  indicating  their  union.  On  each  side  of  the 
ridges  are  the  four  anterior  sacral  foramina,  with  grooves  leading 
from  them  for  the  passage  of  the  anterior  branches' of  the  sacral 
nerves. 

The  bone  exterior  to  the  foramina,  on  each  side,  is  made  up  of 
parts  which  in  the  three  upper  sacral  vertebrae  are  homologous  to 
ribs.  These  are  united  to  the  bodies,  to  each  other,  and  also  to 
the  transverse  processes  behind,  so  as  to  form  a  solid  lateral  mass. 
Here  the  '  pyriformis '  arises.    (Plate  LV.) 

PosTEEioB  The  posterior  surface  of  the  sacrum  is  convex, 

SuBFACE.  and  presents,  in  the  middle  line,  the  spines  of  the 

four  upper  sacral  vertebrae,  usually  coalesced  into  a  vertical  crest 
for  the  origin  of  the  '  erector  spinse.'  Observe,  however,  that  the 
last  sacral  vertebra,  and  sometimes  the  last  two,  have  no  spines, 
and  that  even  their  arches  are  more  or  less  deficient,  so  that  the 
termination  of  the  vertebral  canal  is  here  left  unprotected  in 
the  dry  bone  ;  and  in  the  recent  state  it  is  covered  only  by  a 
fibrous  membrane.  This  explains  the  serious  effects  that  are 
apt  to  follow  an  injury  to  this  part.  Sloughs  from  bed-sores 
are  sometimes  deep  enough  to  expose  the  vertebral  canal.  On 
each  side  of  the  crest  is  the  vertebral  groove ;  and  here  are 
the  faint  traces  of  the  anchylosed  articular  processes  of  tlie 
sacral  vertebrae.  The  most  conspicuous  of  these  processes  are 
those  of  the  last  vertebrae  :  they  project  like  two  knobs  of  bone, 
and  are  called  the  '  coniua '  of  the  sacrum :  they  correspond 
with  the  comua  of  the  coccyx,  with  which  they  are  connected  by 
ligaments. 

PosTEKioK  Next  to  the  articular  processes  are  the  four 

FoHAMf.vA  AND  foramiua  for  the  transmission  of  the  posterior 
TuBEBcxta.  sacral  nerves.   These  posterior  sacral  foramina  are 

directly  opposite  the  anterior.  Beclard,  in  his  lectures,  relates  the 
case  of  a  sharp  instrument  running  through  both  into  the  pelvic 
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cavity.  The  fifth  sacral  nerve  emerges  through  the  little  '  notch ' 
beneath  the  sacral  cornu.  Still  more  externally  are  the  '  tuber- 
cles,' indicating  the  anchylosed  transverse  processes.  These, 
like  the  crest,  give  origin  to  the  tendon  of  the  'erector  spin£B.' 
(Plate  LI.) 

Base  of  The  base  or  upper  end  of  the  sacrum  presents 

Sacrum.  ^he  oval  surface  of  the  body  of  the  first  sacral 

vertebra,  which  articulates  with  the  last  lumbar,  a  thick  fibro- 
cartilage  intervening.  Holding  the  bone  with  its  lower  extremity 
properly  inclined  backwards,  we  notice  that  this  upper  surface 
slants  downwards  and  forwards,  forming,  with  the  lumbar  vertebra, 
the  sacro-vertebral  angle,  or  '  promontory,'  to  which  allusion  has 
been  already  made  (page  182).  On  each  side  of  the  body  are 
its  thick  and  strong  lateral  masses,  expanded  like  wings,  in  order 
to  transmit  the  weight  of  the  trunk  to  the  iliac  bones.  Each 
wing  has  a  rounded  edge  in  front,  which  forms  part  of  the  brim 
of  the  true  pelvis.  Behind  the  body  is  the  triangular  opening  of 
the  vertebral  canal  formed  by  the  vertebral  arches.  Lastly,  on 
each  side  of  the  canal  are  the  articular  processes  for  the  last 
lumbar  vertebra.  They  are  set  very  wide  apart  to  give  a  broad 
base  of  support  to  the  spine,  look  backwards  and  inwards,  and 
are  slightly  concave  from  side  to  side,  so  as  to  permit  a  sHght 
rotatory  movement.  In  front  of  each  articular  process  is 
the  indication  of  the  notch  for  the  passage  of  the  last  limibar 
nerve. 

The  apex  of  the  sacrum  is  formed  by  the  dimi- 
nutive  body  of  the  last  sacral  vertebra,  and  has  an 
oval  articular  surface  for  the  coccyx. 

Sacro-iuac  At  the  sides  of  the  sacrum,  notice  the  sm-face 

S-nrpHTsis.  which  is  connected  to  the  ilium,  forming  what  is 

caUed  the  'sacro-iliac  '  symphysis.  Three  sacral  vertebra  concm- 
to  form  it.  The  connection  is  effected,  partly  by  cartilage,  partly 
by  Ugament.  The  cartilaginous  part  is  in  front,  and  is  mapped" 
out  on  the  dry  bone  in  the  shape  of  a  little  ear,  hence  called  the 
'  auricular '  surface  of  the  sacrum.  Behind  this  is  the  rough  and 
deep  excavation  denoting  the  attachment  of  the  strong  interos- 
seous ligament  connecting  the  two  bones.    Sepai-ation  of  the 
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'  sacro-iliac '  symphysis  does  sometimes,  though  rarely,  take  place 
as  the  result  of  injury.  It  is  an  accident  of  the  gravest  kind,  and 
one  rarely  sees  recovery  in  such  a  case,  since  it  is  almost  sure  to  be 
accompanied  with  other  injury  to  the  pelvic  viscera.  Lastly,  the 
side  of  the  sacrum  below  the  auricular  part  gives  origin  to  some  of 
the  fibres  of  the  '  gluteus  maximus.' 

Detelopmext  The  sacral  vertebra  are  develojjed  like  the 
OF  THE  Sacral  others,  with  the  addition  of  an  independent 
centre  on  each  side  of  the  first  three  for  the 
formation  of  the  lateral  mass.  Now,  since  every  vertebra  has 
three  primary  centres  (one  for  the  body  and  two  for  the  laminae, 
or  arches),  and  two  secondary  centres  for  the  body  (the  discs  on 
the  upper  and  lower  surfaces),  the  number  of  centres  for  the  five 
sacral  vertebrae  stands  thus  : — 

3x5  =  15  centres  for  the  bodies. 
2  X  5  =  10  centres  for  the  arches. 

2x3=   6  additional  centres  for  the  lateral  masses  of  the 
—  first  three  vertebras. 

=  31 

To  these  we  must  add  fom-  epiphysial  plates,  two  on  each  side,  the 
upper  for  the  auricular  sm-face,  the  lower  for  the  outer  margin  of 
the  sacrum  beneath  that  surface, — making  in  all  35  centres. 

The  component  parts  of  each  vertebra  unite  together  first.  Thus 
complete,  each  vertebra  remains  separate  till  about  the  l5th  year, 
when  they  begin  to  unite ;  not  all  at  once,  but  in  regular  succession 
from  below  upwards.  The  lateral  masses  unite  before  the  bodies. 
The  '  auricular '  discs  do  not  appear  till  about  the  20th  year,  and 
the  whole  bone  is  not  consolidated  before  the  26th  year,  or  there- 
abouts. However,  even  in  advanced  age,  one  sometimes  finds  the 
bodies  of  the  upper  sacral  vertebrae  still  united  in  the  centre  by 
cartilage  only. 
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THE  COCCYX. 
(Plates  XXXVIII.,  XXXIX  ) 

Constitution  The  coccyx  derives  its  name  from  a  fancied 

AND  Shape.  resemblance  to  the  beak  of  a  cuckoo  [kokkv^).  It 

consists  of  four  or  sometimes  five  rudimentary  vertebrae,  articulated 
(or  anchylosed)  together,  and  successively  decreasing  in  size,  the 
last  being  a  mere  nodule  of  bone.  As  a  whole,  it  is  triangular. 
The  body  of  the  first  coccygeal  verteb-a  articulates  by  an  oval 
surface  with  that  of  the  last  sacral :  and  it  has  two  little  arti- 
cular processes  termed  'cornna'  which  are  connected  with  the 
'cornua'  of  the  sacrum,  either  by  fibrous  tissue  or  cartilage. 
The  first  vertebra  has  also  two  rudimentary  transverse  pro- 
cesses, and  two  '  notches '  (one  beneath  each  cornu),  for  the  last 
sacral  nerve. 

The  first  coccygeal  vertebra  articulates  with  the  lower  end  of  the 
sacrum,  by  an  intervening  fibro-cartilage,  and  the  succeeding  ones 
are  also  separated  by  a  fibro-cartilage.  Thus  the  coccyx  admits  of 
being  bent  backwards  and  forwards,  which  is  of  great  advantage 
in  parturition,  and  gives  as  much  as  one  inch  more  space  in  the 
antero-posterior  diameter  of  the  outlet  of  the  pelvis.  About  the 
age  of  45  or  50,  and  indeed  sometimes  earlier,  these  little  bones 
become  anchylosed  to  each  other,  and  to  the  sacrum.  This  is  one 
of  the  causes  of  difficult  laboiu:.  Dr.  Ramsbotham  *  says  it  is  gene- 
rally met  with  in  women  bearing  a  first  child  late  in  life,  and  in 
those  who  have  been  accustomed  to  sit  during  the  greater  part  of 
the  day,  as  in  the  case  of  milliners.  Under  these  circumstances  the 
bone  will  sometimes  break  in  labour.  It  is  a  most  distressing  acci- 
dent, and  causes  great  pain  when  the  bowels  are  acting. 

Dr.  Hunter  says  that  anchylosis  of  the  sacrum  and  coccyx 
is  common  in  females  who  ride  much  on  horseback,  and  thus 
explains  the  comparative  frequency  of  hard  labours  in  EngUsh 
ladies.    Father  Dobritzhofer,  who  lived  a  long  time  a  missionary 

*  '  Principles  and  Practice  of  Obstetric  Medicine  and  Surgery,'  6th  edit.  p.  9. 
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among  the  Abiponians,  speaks  of  the  difficult  labours  of  the  women 
there,  who  spend  the  greater  part  of  their  time  on  horseback. 

Each  bone  of  the  coccyx  is  ossified  from  a  single 

0  IFTC ATI  O  V 

centre.  The  first  begins  to  ossify  soon  after  birth  ; 
the  second  about  the  5th  year  ;  the  third  about  the  10th  ;  and  the 
fourth  about  the  15th  or  20th  year. 


The  Pelvis  in  general. 


NOMESCLATUHE. 


Fia.  47. 


The  pelvis  is  named  from'  its  resemblance  to  a 
basin  (ttsXv^).  The  French  call  it  '  le  bassin  ' ; 
and  in  old  English  works  it  is  often  spoken  of  as  '  the  basin.' 
When  accoucheurs  speak  of  the  true  pelvis,  they  mean  all  below 
the  brim.  All  above  the  brim  they  call  the  false  pelvis.  By  the 
brim  is  understood  the  '  Knea  ilio-pectinea.'  Again,  they  speak 
of  the  upper  opening  or  '  inlet,'  and  the  lower  opening  or  '  outlet ' 
of  the  pelvis. 

Pelvis  a  Levee  The  pelvis  forms  a  great 
OF  THE  FiBST  arch  of  bone  which  sup- 
ports  the  trunk,  and  trans- 
mits the  weight  of  it  to  the  lower  Umbs. 
It  contains  and  protects  the  pelvic  viscera, 
and  some  of  the  abdominal.  It  acts  as 
a  lever  of  the  first  order  in  balancing  the 
trunk  on  the  head  of  the  thigh-bone,  as 
when  we  stand  upon  one  leg.  But  the 
most  obvious  action  of  the  pelvis  as  a 
lever  of  the  first  order,  is  when  we  raise 
the  body  from  the  stooping  to  the  erect 
attitude.  In  this  action  the  fulcrum  F, 
as  seen  in  fig,  47,  is  at  the  hip-joint ; 
the  weight  W  is  the  trunk  of  the  body ; 
and  the  power  is  fixed  to  the  tuberosity 
of  the  ischium,  P.  The  power  in  tliis 
case  is  the  contraction  of  the  hamstring  tiie  i'ki.vis  a  lkvkk  of  tub 
muscles.    This,  by  the  way,  is  a  very  good 

example  of  a  muscle  answering  a  double  purpose.    Tlie  hamstring 
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muscle,  represented  in  the  cut,  is  the  biceps.  When  its  fixed 
point  is  below,  i.e.  at  the  iibula,  the  muscle  can  raise  the  body 
from  the  stooping  position.  When  its  fixed  point  is  at  the  pelvis, 
it  serves  to  bend  the  knee.  In  the  latter  case,  however,  the 
muscle  acts  upon  a  lever  of  the  third  order. 

Under  the  head  of  pelvis  in  general  comes—  1.  Its  mecha- 
nism as  an  arch ;  2.  Its  obliquity  with  regard  to  the  spine ; 
3.  Its  axis ;  4.  The  diameters  of  the  inlet  and  outlet ;  5.  The 
difference  between  the  male  and  the  female  pelvis. 

Pelyic  Arch  :  Its'  mechanism  as  an  arch  is  best  shown  by 
ITS  Stebngth.  sawing  off  the  wings  of  the  ilia,  as  in  Plate  XLI. 
Such  a  section  shows  the  following  points : — The  sacrum  forms  the 
broad  keystone  of  the  arch,  and  supports  the  weight  of  the  spine. 
Now  the  sacrum  being  set  very  oblique,  the  weight  tends  to  thrust 
it  downwards  and  backwards.  To  resist  this  tendency,  the  sacrum 
is  doubly  wedged,  that  is,  wedged  from  above  downwards,  and  from 
before  backwards :  thus,  unless  the  ilia  give  way,  which  they  never 
do,  the  sacrum  cannot  be  dislocated  backwards.  But  this  is  not 
all :  there  is  a  provision  to  prevent  dislocation  of  the  sacrum  for- 
wards ;  namely,  a  reciprocal  irregularity,  or  slight  '  dovetailing,' 
between  the  articular  surfaces  of  the  sacrum  and  ilium,  and  in  all 
cases  a  '  bite '  in  front  formed  by  the  edge  of  the  ilium.  So  much 
for  the  security  of  the  crown  of  the  arch. 

Observe,  in  the  next  place,  that  the  inclination  of  the  arch  is 
such  that  the  weight  is  transmitted  in  a  perpendicular  plane  to 
the  heads  of  the  thigh-bones.  Again,  the  thickest  and  strongest 
part  of  the  arch  is  precisely  in  the  line  of  pressure.  Lastly,  there 
are  three  '  buffers '  to  break  shocks ;  one  at  the  pubic  symphysis, 
the  other  two  at  the  sacro-iliac  symphyses. 

Secondaet  From  the  main  arch,  two  secondary  arches  pro- 

Aeches.  ceed,  one  on  either  side :  these  are  the  '  sitting 

arches,'  and  the  summit  of  each  is  at  the  tuberosity  of  the 
ischium. 

The  following  is  a  good  instance  of  the  enormous  weight  the 
pelvic  arch  will  bear  without  injmy,  provided  the  weight  he 
applied  along  the  arch.  A  waggon  wheel  passed  over  a  man 
pelvis  from  side  to  side,  immediately  over  the  symphysis  pubis 
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PLATE  XLI. 


Seefcixju  tkrov^Vi  the  upper  part  oPtlie  Sa.crum  a.rxAlM 
so  as  to  e«liiVittVie  construction  of  l>ie 
PELVIC  ABCH. 
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The  man  stated  that  the  waggon  with  the  load  in  it  weighed 
5  tons  7  cwt.  There  was  no  injury  beyond  an  ecchymosis  of  the 
scrotum  and  the  upper  part  of  the  thighs.  After  three  weeks, 
the  man  left  the  Hospital  well,  with  the  exception  of  a  slight 
lameness. 

In  the  erect  attitude  the  line  of  gravity  of  the 
spine  falls  perpendicularly  on  the  sacrum,  as  shown 
in  the  line  a  b,  fig.  48.    With  this  perpendicular,  the  inclination 


Obuqcttt  of 
THE  Pelvis. 


Pig.  48. 


Fig.  49. 


LETE  OP  OHAVITK  OF  THE  BODY. 


ANGLE  OF  INCLINATION  OF  THE  PELVIS,  144'^. 


of  the  pelvis  forms  an  angle  (a  b  c,  fig.  49)  of  140°  in  the  female, 
and  144°  in  the  male.  Now  this  angle  is  such,  that  the  line  of 
gravity  falls  through  the  acetabulum,  and  consequently  the  weight 
is  tran.smitted  directly  on  to  the  heads  of  the  thigh-bones. 
For  all  practical  purposes,  one  may  ascertain  the  proper  obliquity 
of  the  pelvis  by  holding  it  so  that  the  '  notch '  shall  be  the 
lowest  part  of  the  acetabulum  (p.  173).  The.  end  of  the  coccyx 
will  then  }je  alxjut  half  an  inch  liigher  tlian  the  lower  part  of 
tfie  symphysis  pubis. 
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Axes  of  the  The  cixis  of  the  brim  of  the  pelvis,  that  is,  a  line 

PELvia.  passing  at  right  angles  through  the  centre  of  its 

plane,  if  prolonged,  would  pass  from  the  coccyx  to  the  umbilicus. 
The  axis  of  the  outlet  would  fall  on  the  promontory  of  the  sacrum. 
The  axis  of  the  cavity  would  form  a  curve  nearly  corresponding 
with  the  curve  of  the  sacrum.  In  all  operations  about  the  pelvis, 
it  is  of  great  importance  to  bear  in  mind  its  different  axes.  As  a 
useful  practical  rule,  we  may  say,  that  the  axis  of  the  pelvis  cor- 
responds with  a  line  drawn  from  the  anus  to  the  umbilicus. 

DiAMETEBs  OP  The  uext  point  is  the  diameters  of  the  pelvis ; 
THE  PEiTia.  and  it  is  interesting  because  it  concerns  parturition. 

The  inlet  or  brim  of  the  pelvis  is  somewhat  heart-shaped.  Its 
diameters  vary  more  or  less  in  different  cases :  in  the  recent  state, 
with  all  the  soft  parts  undisturbed,  the  following  are  about  the 
average :  — 

Inches 

Antero-posterior  or  conjugate    .....  4 
Oblique  (from  sacro-iliac  symphysis  to  acetabulum)    .  4| 
Transverse       ........  4|- 

Observe,  then,  that  the  longest  diameter  of  the  brim  is  the  trans- 
verse. In  this  direction  the  long  diameter  of  the  head  of  the  child 
enters  the  pelvis. 

The  shape  of  the  outlet,  in  the  recent  state,  is  like  a  lozenge, 
since  the  two  ischiatic  notches  are  blocked  up  by  the  sacro-ischiatic 
ligaments.    Its  diameters  are  as  follow : — 

Inches 

Transverse  (from  one  tuber  ischii  to  the  other)  .       .  4 
Antero-posterior  (from  symphysis  to  coccyx)      .       .  4| 
And,  with  the  coccyx  pushed  back,  the  antero-posterior 
diameter  will  be   .       .       •       •       •       •  . 

The  longest  diameter  of  the  outlet,  therefore,  is  from  before  back- 
wards. 

Now  the  head  of  the  child  enters  the  pelvis  in  the  io-ans- 
verse  diameter,  but  descends  in  tlie  oblique,  till  it  presses  upon 
the  spines  of  the  ischia.  Here  its  further  progress  is  arrested  by 
the  spines.    As  the  uterus  goes  on  contracting,  the  slope  of  the 
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ischium  on  each  side  compels  the  head  to  t\xni,  so  that  the  face 
comes  to  lie  in  the  hollow  of  the  sacrum.    Consequently,  the  long 
axis  of  the  head  is  brought  into  the  long  axis  of  the  outlet,  and  is 
thus  easily  expelled. 
DiFFERExcE  BE-       Tho  fcmalc  pelvis  differs  very  little  from  that  of 

WKKX  THE  Male       ,,  t     ±-n        i      ,         ,      -i  ■  i  ■    i   .  ■, 

axdFemai^  the  male  till  puberty,  at  which  period  it  has  a 

Pelvis.  heart-shaped  form  in  both  sexes.    After  puberty 

the  female  pelvis  begins  to  assume  its  sexual  characters,  which  are 
the  followins: : — 

1.  The  sacrum  is  wider  and  less  curved  ;*  the  promontory  less 
projecting ;  and  the  coccyx  more  movable  than  in  the  male. 

2.  The  cavity  is  shallower,  and  all  its  horizontal  diameters 
broader,  than  in  the  male. 

3.  The  spines  of  the  ilia,  the  acetabula,  and  the  tuberosities  of 
the  ischia,  are  wider  apart  than  in  the  male. 

4.  The  symphysis  pubis  is  not  so  deep :  the  pubic  arch  has  a 
much  wider  span  f  and  its  branches  are  more  shelving  than  in  the 
male,  in  order  to  facilitate  parturition.  To  use  an  architectural 
expression,  the  pubic  arch  in  the  female  resembles  a  '  Norman ' 
arch  ;  in  the  male,  an  '  early  English.' 


THE  FEMUR. 
(Plates  XLII.,  XLIII.) 

Lksoth  and  The  thigh-bone  is  the  longest  and  strongest  of 

DiftFx-ncw.  aU  the  bones.    Its  great  length,  in  comparison 

with  the  other  bones  of  the  leg,  is  characteristic  of  the  human 
skeleton.  In  consequence  of  this  comparative  length,  and  of  the 
shortness  of  the  arms,  the  ends  of  the  fingers  in  the  white  man  do 
not  reach  lower  than  the  middle  of  the  thigh-bone.    In  the  chim- 

*  .Some  authors  sUto  the  rororso.  liiit  Albiniis  '  Do  Scoloto  '  says  truly :—■  Sacrum 
feminis  Mim,  per  longiturliriem  rfctius,  infra  non  requo  incurvatiiin  in  i)riora.' 

t  Injiis  lectures  'On  tho  Comparativo  AnaUjiny  of  Man,'  1877,  Professor  Flower 
gives  6P  as  the  mean  subpabic  angle  in  men,  80°  in  women. 
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panzee  the  fingers  reach  down  to  the  knee ;  in  the  ourang,  down  to 
the  ankle. 

The  direction  of  the  thigh-bone  is  not  quite  perpendicular,  but 
slants,  so  that  the  knees  are  nearer  together  than  the  hips ;  for  the 
purpose  of  bringing  the  knee-joint  nearer  the  line  of  gravity  of  the 
body.  This  obliquity  is  necessarily  greater  in  women,  on  account 
of  the  greater  breadth  of  the  pel\ds,  and  accounts  for  their  peculiar 
gait. 

"We  have  to  examine  the  head,  the  neck,  the  trochanters  for  the 
attachment  of  muscles,  the  shaft,  and  the  condyles. 

The  head  forms  rather  more  than  half  a  sphere, 
smooth  and  convex  on  every  part,  except  at  a  point 
a  little  behind  and  below  its  centre,  where  there  is  a  depression  for 
the  attachment  of  the  '  ligamentum  teres.'  It  forms  a  perfect 
ball-and-socket  joint  with  the  acetabulum.  When  crusted  with 
cartilage  the  ball  fits  so  accurately  into  its  socket,  that  it  is  retained 
in  it  by  atmospheric  pressure  alone.  It  has  been  ascertained  by 
experiment  that  this  pressure  is  about  26  pounds ;  that  is,  more 
than  equal  to  sustain  the  weight  of  the  entire  limb  with  all  its  soft 
parts.  More  than  this,  the  Brothers  Weber  *  have  shown  that,  in 
walking,  the  legs  swing  like  pendulums,  so  that  we  require  very 
little  muscular  force  to  advance  one  leg  before  the  other.  This  is  a 
beautiful  provision.  The  limb  hangs  freely  in  its  socket,  and  the 
muscles  do  not  expend  any  of  their  power  in  keeping  it  there. 
Boerhaave  might  well  say,  '  in  mirabili  articulatione  femoris  Crea- 
torem  adoramus.' 

The  general  direction  of  the  '  neck '  is  upwards, 

Neck  "  its  X)i~  ^ 

EECTioN.  Angle  inwards,  and  a  Uttle  forwards  from  the  shaft.  The 
WITH  THB  Shaft.  reason  why  the  neck  of  the  thigh-bone  is  di- 
rected a  trifle  forwards  is,  that  the  lower  extremity  may  naturally 
turn  a  little  outwards.  Everything  in  the  bones  of  the  lower  limb 
and  the  insertion  of  its  muscles,  conforms  to  this  object.  It  is  this 
which  gives  elasticity,  freedom,  and  grace  to  the  motion  of  the 
body :  we  owe  this  to  nature,  and  not,  as  some  suppose,  to  the 
dancing-master. 

*  'Mechanik  dor  menscli.  flplnvcrk.,'  Ootl.  1836. 
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Fia. 


FlQ. 


Fio.  52. 


In  the  adult  the  neck  is  set  on  to  the  shaft  at  a  very  open  angle, 
about  1 25°.    But  the  angle  varies  at  dif- 
ferent ages,  in  harmony  with  the  require- 
ments of  the  age.    In  children  the  neck 
of  the  thigh-bone  is  so  oblique  that  it 
forms  almost  a  gentle  curve  from  the  axis 
of  the  shaft,  as  seen  in  the  cut  (fig.  50). 
Therefore  the  trochanters  do  not  project 
nearly  so  much  as  in  the  adult  (fig.  5 1 ). 
This  is  one  reason  why  it  is  sometimes 
diflScult  to  determine  the  precise  nature 
of  accidents  about  the  hip  in  children. 
As  old  age  advances,  the  neck,  in  some 
instances,  drops  to  nearly  a  right  angle 
with  the  shaft,  as  shown  in  fig.  52  :  besides 
which  its  compact  walls  become  thinner, 
audits  cancellous  tissue  becomes  expanded. 
No  wonder,  then,  the  neck  of  the  femur  is 
so  liable  to  break  in  old  persons.  Observe 
how  much  broader  the  neck  is  in  its  ver-     compakatite  obliquity  of  the 
tical  diameter,  and  how  much  thicker  the  ''''''^  °^  ™^  thigh-bone  m  the 

I  n   •     .1  1  .  ,  CHILD,  THE  ADULT,  AND  THE  AGED. 

lower  wall  is  than  the  upper,  m  order  to  (from  jiuseum  of  st.  babtho- 
resist  vertical  pressm-e.  (Plate  I.)  The  ^-omew's  hospital.) 
part  where  the  neck  springs  from  the  shaft  is  called  the  '  base ' 
of  the  neck.  In  falls  on  the  trochanter  the  neck  is  sometimes 
broken  at  the  base,  and  driven  into  the  shaft  between  the  trochan- 
ter.s,  forming  what  is  called  an  '  impacted '  fracture  of  the  neck. 
The  symptoms  of  such  a  fracture  are,  more  or  less  shortening  of 
the  limb,  diminished  projection  of  the  trochanter  major,  and 
no  crepitu.s. 

Neck,  why  Since  the  great  length  and  obliquity  of  the  neck 

Ow-iQrB?  of       femur  is  peculiar  to  man,  let  us  consider 

what  advantage  bis  skeleton  gains  by  it.— 1.  It  widens  the  base  of 
support  for  the  trunk ;  2.  It  disengages  the  shaft  from  the  hip- 
joint,  and  thus  increases  the  range  of  motion.  Wliat  animal 
can  separate  its  legs  so  widely  as  man  ?  3.  Greater  space  is  made 
for  the  adductor  muscles,  which  balance  the  pelvis  on  the  inside  of 

o 
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the  thigh ;  4.  The  great  trochanter  being  removed  to  a  distance 
from  the  hip-joint,  gives  greater  leverage  to  the  powerful  gluteal 
muscles  which  balance  the  pelvis  on  the  outside.  5.  The  weight 
of  the  trunk,  instead  of  falling  vertically  on  the  shaft  of  the  femm-, 
is  transmitted  to  it  by  an  arch. 

The  trochanters  '  major '  and  '  minor '  are  out- 

T  ROCHANTERS 

Major  and  '  standing  processes  for  the  purpose  of  giving  greater 
Minor:  THEiB Use  leverage  to  the  muscles  which  rotate  the  thigh 
AND  Position.  {rpoxa<o,  verto).  Observe,  they  project  behind 
the  axis  of  rotation  (which  is  the  centre  of  the  head  of  the  bone). 
This  is  another  of  the  provisions  for  the  outward  rotation  of  the 
lower  limb  as  the  natural  position.  The  bearings  of  the  trochan- 
ter major  to  the  other  bony  prominences  of  the  pelvis  deserve 
especial  attention,  because  it  is  a  great  landmark  in  determining 
the  nature  of  injuries  about  the  hip.  It  is  well  then  to  remember 
that  the  top  of  the  great  trochanter  in  the  adult  is  about  three- 
quarters  of  an.  inch  lower  than  the  top  of  the  head  of  the  bone, 
and  nearly  on  a  level  with  the  spine  of  the  pubes.* 

Examine  first  the  muscles  inserted  into  the  trochanter  major. 
Suppose  the  trochanter  to  be  square,  which  it  is  nearly  if  seen  side- 
ways. (Plate  XLIII.)    Into  the  front  part  is  inserted  the  '  gluteus 
minimus,'  into  the  upper  part  is  inserted  the  '  pyiiformis ' ;  also  in 
front  of  the  pyriformis,  and  extending  backwards  beneath  it,  is  the 
insertion  of  the  common  tendon  of  the  '  obturator  internus'  and 
'  gemelli '  (just  above  and  anterior  to  the  digital  fossa)  (Plate 
XLIII.  fig.  1) ;  into  the  back  part,  upon  an  eminence  on  the  'pos- 
terior inter-trochanteric  ridge '  called  the  'linea  quadrati,'  is  inserted 
the  '  quadratus  femoris  ' ;  the  lower  part  (base  of  tlie  trochanter) 
gives  origin  to  the  strong  tendon  of  the  '  vastus  externus.'    Draw  a 
diagonal  from  behind  forwards  across  the  square  (there  is  a  faint 
trace  of  it  in  nature),  and  you  find  that  the  upper  triangle  gives 
insertion  to  the  '  gluteus  medius,'  while  the  lower  triangle  remains 
smooth  for  the  play  of  the  tendon  of  the  '  gluteus  maximus,'  a  large 
'bursa'  being  interposed.    A  smaller  bursa  occupies  the  front  of 
the  upper  triangle,  in  connection  with  the  tendon  of  the  '  gluteus 
medius.'  (Plate  XLIII.  fig.  2.) 

*  Soo  'Medical  and  Surgical  Landmarks,'  by  Hio  Autlior,  2n.l  ed.  1877- 
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Digital  Fossa.        I^ehind  the  neck  of  the  femur,  and  beneath  the 
projecting- angle  of  the  trochanter  major,  is  a  deep, 
excavation,  called  the  'digital  fossa.'  (Plate  XLTI.)  "  The  '  obtu- 
rator externus '  is  inserted  here  ;  and  this  insertion  is  at  the  bottom 
of  the  fossa. 

Tbocha^ntek  The  trochanter  minor  projects  from  the  inner 

and  bach  part  of  the  shaft,  just  below  the  base  of 
the  neck.  Its  posterior  part  gives  insertion  to  the  tendon  of  the 
'  psoas  magnus,'  the  fibres  of  the  '  iliacus  '  mostly  join  this  tendon, 
but  a  few  are  inserted  into  the  lower  border  of  the  lesser  trochanter 
towards  the  linea  aspera.  Observe  that  the  trochanter  minor  is 
directed  backwards  in  order  that  the  muscles  inserted  into  it  may 
turn  the  thigh  outwards  at  the  same  time  that  they  raise  it.  These 
are  the  muscles  which,  in  fracture  of  the  upper  third  of  the  shaft. 
It  is  often  difficult  to  prevent  from  tilting  up  the  upper  fragment. 

LvTEB-TEocHAx-       Two  oblique  ridges  extend  from  one  trochanter 
TEEic  EiDGEs.         ^0  the  other,  the  one  in  front  of,  the  other  behind, 
the  base  of  the  neck  of  the  femur.    The  use  of  the  anterior  '  inter- 
trochanteric ridge  '  is  to  give  attachment  to  the  powerful  ligament 
(iho-femoral)  which  covers  the  front  of  the  capsule  of  the  hip-joint, 
limits  the  extension  of  the  thigh,  and  is  one  of  the  chief  safeguards 
of  the  erect  position,  since  it  prevents  the  pelvis  and  trunk  from 
falling  backwards.    The  posterior  ' inter-trochanteric  ridge'  is 
mainly  for  the  support  of  the  great  trochanter.     There  is  an  emi- 
r-ence  on  its  margin,  extending  downwards,  behind  the  great 
trochanter  called  the  '  linea  quadrati,'  for  the  insertion  of  the 
'  quadratus  femoris  '  already  alluded  to. 
Shai^  a^d  Eespecting  the  shaft  of  the  femur,  notice  that 

..BA  AsPHBA.        it  i3  slightly  arched  with  the  convexity  forwards 
by  which  a  double  advantage  is  gained :  first,  it  is  rendered  more' 
springy  than  if  it  were  straight;  secondly,  more  room  is  gained 
for  the  flexor  muscles  behind,  and  more  power  for  the  extensors  in 
front  of  the  shaft.     The  shaft  is  smooth  and  cylindrical  all  round 
except  behind,  where  there  is  a  rough  longitudinal  ridge  termed 
the    hnea  aspera.'    This  ridge  serves  as  a  buttress  to  the  shaft 
but  Its  chief  purpose  is  for  the  attachment  of  muscles.    The  linea 
aspera  19  most  prominent  about  the  middle  third  of  the  shaft  •  here 
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it  appears  at  first  sight  a  single  ridge;  but  look  carefully  and 
you  will  find  traces  of  two  borders,  termed  its  external  and  internal 
'  lips.'    About  the  lower  third  of  the  shaft  these  lips  diverge  from 
each  other,  and  may  be  traced  more  or  less  distinctly  to  the  '  tu- 
berosities '  of  the  condyles.    The  triangular  interval  between  their 
bifurcation  is  called  the  popliteal  surface  of  the  femur,  and  upon 
it  the  popliteal  artery  rests  in  its  passage  through  the  ham. 
Turning  to  the  upper  end  of  the  linea  aspera,*  notice  that  here 
also  its  two  lips  branch  off:  one  runs  to  the  root  of  the  lesser  tro- 
chanter, the  other  to  the  root  of  the  greater. 

So  much  about  the  linea  aspera,  and  the  upper  and  lower 
divergence  of  its  two  lips,  will  help  us  towards  understanding  the 
muscles  attached  to  it.  Take  the  outer  lip  first.  The  'vastus 
externus'  arises  from  it  three-quarters  of  the  way  down.  Along 
the  upper  third  is  a  very  rough  surface  for  the  insertion  of  the 
gluteus  maximus.  This  part  may  very  properly  be  called  the 
'gluteal  ridge' :  it  is  sometimes  so  prominent  as  to  resemble  the 
third  trochanter  of  animals.  Lastly,  there  is  the  origin  of  the 
short  head  of  the  biceps,  beginning  just  below  the  insertion  of  the 
gluteus  maximus,  and  extending  nearly  down  to  the  external 

condyle.  ,         i     m  v.i 

The  inner  lip  of  the  linea  aspera  gives  ongm  nearly  ail  the 
way  down  to  the  '  vastus  internus.'  Into  its  upper  part  is  inserted 
the  'pectineus,'  then  comes  the  insertion  of  the  '  adductor  longus, 
and  behind  both  is  that  of  the  '  adductor  brevis.'  Lastly,  the  m- 
sertion  of  the  'adductor  magnus'  extends  all  along  the  Ime  from 
the  base  of  the  trochanter  major  to  the  tuberosity  of  the  laner 
condyle,  where  we  notice  a  sharp  projection  of  bone,  which  gives  a 

firm  hold  to  the  tendon.f 

Along  the  course  of  the  linea  aspera  are  the 
A.-      orifices  of  two  canals  which  convey  nutrient  blood- 
TBRiEs.  vessels  to  the  marrow.     Both  these  canals  run 

obliquely  upwards  through  the  walls  of  the  bone. 

*  These  .line,  asper.'  are  nothing  more  tlmn  partial  ossifications  of  the  tendons 
inserted  there.    A  very  rongh  'linea  aspora'  is  a  character  of  age-     t  PUts 

mind  of  the  'bone  tendons'  which  one  sees  in  the  ^T'^"' °f  ^  ^ '^t^^a^a  to 
t  The  little  interval  purposely  left  in  the  drawng  (Plate  XLII.)  is  intended  to 
mark  where  the  tendon  gives  passage  to  the  popliteal  artery. 
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The  front  and  outer  surface  of  the  shaft  gives  origin  to  the 
'  crureus,'  and  to  the  little  muscular  slips  below,  which  constitute 
the  '  sub-crui-eus.'  The  inner  surface  gives  origin  to  part  of  the 
'  vastus  internus '  (the  other  and  stronger  part  arising  from  the 
linea  aspera).  Observe,  the  origin  of  these  muscles  does  not 
occupy  the  whole  of  the  shaft.  Along  the  lower  part,  but  more 
especially  on  the  inner  side,  no  muscular  fibres  arise.  Here  the 
bone  is  simply  covered  by  the  fibres  .of  the  '  vasti '  on  each  side. 
The  point  of  this  observation  is,  that  it  accounts  for  the  great 
extent  to  which  an  inflamed  knee-joint  may  swell  beneath  the 
vasti :  there  being  no  resistance  to  the  distension  of  the  synovial 
membrane  in  this  direction. 

CoxDTiJs  AND  The  lower  part  of  the  femur  gradually  expands 
IsTEB-coNDTLoiD  to  form  the  condyles  for  the  knee  joint  {kovSvXos,  a 
knuckle).  The  inner  condyle  projects  much  more, 
and  is  full  half  an  inch  lower  than  the  outer,  when  the  bone  is 
perpendicular  ;  but  when  the  bone  slants,  as  it  natiu-ally  does,  both 
condyles  are  on  the  same  plane.  This  must  needs  be,  as  the  plane 
of  the  knee-joint  is  horizontal  in  adaptation  to  the  erect  posture. 
The  condyles  are  separated  behind  by  a  deep  notch,  the  '  inter- 
condyloid,'  for  the  lodgment  of  the  two  '  crucial '  Fig.  63. 
ligaments,  which  prevent  the  knee  from  being  ex- 
tended beyond  the  straight  line  :  for  the  require- 
ments of  this  joint  do  not  admit  of  any  bony 
prominence  to  limit  extension,  such  as  we  find  in 
the  elbow.  These  ligaments  (shown  in  fig.  53) 
are  attached  to  the  rough  surfaces  of  the  condyles 
facing  each  other ;  the  anterior  crucial  to  the 
external  condyle,  the  posterior  crucial  to  the  in-  ""ZZTZ^ 
temal.  The  marks  left  by  these  ligaments  can  be  clearly  made 
out  on  the  bone.  Notice  especially  that  the  mark  on  the  external 
condyle  is  placed  posteriorly,  that  on  the  internal,  anteriorly. 

Trochlka  for  The  articular  surfaces  of  the  condyles  unite  in 
Patella.  ff^nt  to  form  the  pulley  (femoral  trochlea)  over 

which  the  '  pateUa'  plays.  The  larger  share  of  the  pulley  is  formed 
by  the  external  condyle,  and  it  mounts  not  only  higher,  but  pro- 
jects more  than  the  inner,  to  prevent  the  tendency  of  the  patella 
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to  be  dislocated  outwards.    In  an  antero-posterior  section,  each 
articular  surface  would  present  something  like  the  long  half  of  an 
ellipse  (as  seen  in  fig.  54).*     In  the  erect  attitude,  the  flatter 
part  of  the  ellipse  rests  on  the  shallow  excavation 

FiC  54: 

of  the  tibia,  and  all  the  ligaments  are  on  the  stretch; 
but  when  the  knee  is  bent,  the  more  convex  part  of 
the  ellipse  rests  on  the  tibia,  and  admits  of  a  cer- 
tain amount  of  rotation,  all  the  ligaments  being 
loose. 

The  '  tuberosities '  (external  and 

TuBEHOSltlES.  ,x      o  ,,  11  X-  J.X, 

internal)  of  the  condyles  are  tor  the 
attachment  of  the  lateral  ligaments  of  the  joint. 
Observe  that  these  tuberosities  are  situated  nearer 
to  the  back  than  to  the  front  part  of  the  condyle.  The  result  of 
this  is,  that  the  ligaments  are  fixed  behind  the  centre  of  motion, 
so  that  they  become  stretched  when  the  joint  is  extended.  This  is 
another  provision  for  the  strength  of  the  knee. 

There  is  an  impression  behind  the  internal  condyle  denoting 
the  origin  of  the  inner  head  of  the  '  gastrocnemius ' ;  and  another, 
behind  the  external  condyle,  where  the  outer  head  of  this  muscle 
and  the  '  plantaris '  arise.  On  the  outer  surface  of  the  external 
condyle,  immediately  below  the  outer  tuberosity,  is  a  depression 
for  the  origin  of  the  '  popliteus.'  (Plate  XLIIL-  fig.  3.) 

Ossification  The  femur  is  ossified  from  three  primary  centres 

OF  THE  Femce.  (one  for  the  shaft  and  neck,  and  one  for  each  arti- 
cular end),  and  two  secondary  centres,  one  for  each  trochanter. 
(See  Plate  IV.)  The  centre  of  the  shaft  appears  very  early  (be- 
tween the  fortieth  and  sixtieth  day  after  conception).  The  centre 
of  the  lower  epiphysis  does  not  appear  until  within  the  last  fifteen 
days  of  the  fuU  term  of  gestation.  Hence  the  existence  of  this 
centre  enables  us  to  pronounce  with  something  like  certainty  as  to 
the  age  of  a  fcetus.f    It  is  the  only  epiphysis  in  which  ossification 

*  Tho  two  woodcuts  (53  and  54)  show  very  well  the  attachments  and  the  direction 
of  the  crucial  ligaments,  ab,ac.  Being  atUched  to  the  condyles  behind  tho  centre, 
they  necessarily  limit  extension  beyond  the  straight  line.  But  they  do  more;  by 
crossing  like  braces  they  prevent  lateral  displacement  of  the  tibia.  _     i-    i  . 

t  Concerning  the  bearing  of  Osteogeny  on  forensic  medicine,  see  'M6decine  legale, 
by  M.  Orfila. 
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commences  before  bii-th.  As  this  is  the  first  of  aU  the  epiphyses 
to  ossify,  so  it  remains  the  longest  a  separate  piece,  in  accordance 
with  the  general  law  that  epiphyses  unite  with  the  shafts  in  the 
inverse  order  of  their  ossification  (p.  25).  The  epiphysis  at  the 
upper  end  of  the  femiu:  includes  only  the  head  of  the  bone,  and  begins 
to  ossify  about  one  year  after  birth.  The  great  trochanter  begins 
to  ossify  about  the  third  or  fom-th  year ;  the  lesser  about  the  four- 
teenth.   AU  the  pieces  have  united  about  the  age  of  twenty-one. 


THE  PATELLA. 
(Plate  XLIV.) 

The  patella  is  the  largest  and  best  example  of 
Shape  AND  se.  ^  <  sesamoid '  bone.  It  is  developed  in  the  ex- 
tensor tendon  of  the  knee,  to  protect  the  knee  joint,  and  to  increase 
the  power  of  the  extensor  muscles  by  making  them  act  at  a  greater 
angle.  It  is  a  principle  in  mechanics  that  the  efficiency  of  a  force 
which  acts  upon  a  lever  is  greatest  when  its  direction  is  at  right 
angles  to  the  lever,  and  that  the  force  decreases  as  the  obliquity  of 
its  direction  is  increased.  In  shape,  the  patella  is  triangular, 
with  rounded  angles,  the  apex  pointing  downwards. 

Its  two  Sub-  Its  anterior  surface  is  convex,  and  marked  by 
J'ACEs-  longitudinal  streaks,  indicative  of  the  insertion  of 

the  fibres  of  the  extensor  tendon. 

Its  posterior  surface  is  smooth,  and  crusted  in  the  recent  state 
with  cartilage,  in  order  to  play  upon  the  trochlea  of  the  femur. 
It  is  divided  by  a  vertical  ridge  adapted  to  the  groove  in  the 
femur,  and  oh  eacli  side  of  the  ridge  are  the  articular  '  facets ' 
corresponding  to  the  condyles  of  the  femur.  The  external  '  facet ' 
^        L    ?  larger  of  the  two  in  adaptation  to  the  size 

and  shape  of  the  pulley  on  the  external  condyle :  by 
this  we  may  distingiush  the  right  patella  from  the  left.  Besides 
tliis,  the  outer  edge  of  the  patella  is  much  thinner  than  the  inner, 
which  is  another  good  distinction.    Below  the  articular  surface 

— that  is,  towards  the  apex — tlierc  is  a  rough  surface  for  the 

♦o  3 
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attachment  of  the  so-called  '  ligamentum  patellae,'  which  is,  really, 
the  continuation  of  the  extensor  tendon.  The  base  of  the  bone 
is  thick  and  irregular,  that  the  extensor  tendon  may  have  a  strong 
insertion. 

The  patella  is  developed  from  a  single  centre. 
Ossification.      -^jijgij  appears  about  the  second  year.    It  is  not 

fully  ossified  until  the  age  of  fourteen  or  fifteen. 

The  patella,  thus  serving  a  mechanical  purpose  in  the  substance 
of  the  extensor  tendon,  is  liable  to  be  broken  by  a  sudden  and 
violent  action  of  the  extensor  muscles,  as  in  making  a  strong  effort 
to  preserve  the  balance  of  the  body  in  danger  of  falling  backwards. 
In  this  position— that  is,  when  the  knee  is  half-bent— the  upper 
part  of  the  patella  is  not  supported  by  its  trochlea :  there  is  a 
hollow  under  it,  and  here  the  patella  snaps  transversely,  like  a 
stick  broken  across  the  knee.  The  broken  ends  separate  widely, 
and  therefore  in  these  transverse  fractures  reunion  takes  place  by 
ligamentous  substance,  not  by  bone. 

But  even  when  the  knee  is  extended,  violent  muscular  contrac- 
tion is  able  to  snap  the  patella.  Desault  speaks  of  both  patellae 
being  broken  by  convulsions  in  a  patient  after  he  had  been  cut  for 
the  stone.  Opera  dancers  sometimes  break  the  patella  in  practising 
the  step  called  the  '  entrechat.' 


THETIBIA. 
(Plate  XLIV.) 

Situation  and  The  tibia  is  the  larger  of  the  two  bones  of  the 
DiBECTioN.  leg,  and  is  placed  on  the  inner  side.    It  entirely 

supports  the  condyles  of  the  femur,  and  transmits  the  weight  of 
the  body  to  the  foot.  Its  direction  is  not  oblique  Uke  the  femur, 
but  vertical;  so  that  in  well-formed  legs  the  two  tibiae  should  be 
parallel.  Let  us  examine  in  succession  the  upper  end,  the  shaft, 
and  the  lower  end. 

The  upper  end  is  called  the  '  head'  of  the  tibia. 
It  is  very  broad  in  the  transverse  direction  for  the 
support  of  the  condyles  of  the  femm- :  and  we  point  to  this  gi-eat 
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breadth  as  one  of  the  peculiarities  of  the  human  skeleton .  The  two 
articxilar  surfaces  for  the  condyles  are  very  shallow  in  the  dry  bone, 
but  slightly  deepened  in  the  recent  state  by  discs  of  fibro-cartilage 
(termed  the  '  semilunar  cartilages  ').  These  cartilages  convert  the 
shallow  articular  surfaces  of  the  tibia  into  variable  sockets  ;  that  is, 
sockets  which  adapt  themselves  to  the  varying  forms  of  the  condyles 
in  flexion  and  extension  of  the  knee.  The  outer  articular  surface 
is  round ;  the  inner  is  oval,  with  the  long  diameter  from  before 
backwards,  in  adaptation  to  the  internal  condyle.  Between  the 
articular  surfaces  is.  a  projection  termed  the  '  spine,'  which  is 
generally  topped  by  two  little  '  tubercles.'  In  front  of  the  spine  is 
the  depression  in  which  the  anterior  crucial  ligament  is  attached, 
and  behind  the  spine  is  another  much  larger,  in  which  the  pos- 
terior crucial  ligament  is  attached.  These  depressions  serve  also 
for  the  attachments  of  the  semilunar  cartilages. 
„  The  lateral  masses  which  support  the  articular 

TiJBEHOflTIES,  '■  ^ 

ExTBESAi  AND  surfaces  are  called  the  '  tuberosities '  of  the  tibia. 
LvTEBNAi.  'j'jjg  external  tuberosity  has  at  its  back  part  a 

small  articular  surface  for  the  head  of  the  fibula :  this  articular 
surface  is  on  a  kind  of  bony  ledge,  and  its  direction  is  oblique. 
The  internal  tuberosity  is  much  larger,  and  projects  more  than 
the  external.  It  has  a  groove  behind  for  the  insertion  of  the  '  semi- 
membranosus.' About  one  inch  and  a  half  below  the  head  of 
the  tibia,  and  in  front  of  it,  is  the  '  tubercle  '  for  the  insertion  of 
the  common  extensor  tendon  of  the  leg  (ligamentum  patellge). 
Observe  that  the  insertion  takes  place  into  the  lower  part  of  the 
tubercle,  which  is  rough ;  the  upper  part  is  smooth,  to  allow  the 
easy  play  of  the  tendon  (a  bursa  being  interposed  between  the 
tendon  and  the  bone). 

Shaft-  m  "^'^^  shaft  of  the  tibia  is  triangular.    It  is  a 

Shape  and  Sch-  little  twisted  outwards,  to  determine  the  obli- 
quity  of  the  foot ;  consequently  the  inner  mal- 
leolus advances  a  little  more  than  the  outer.  This  disposition, 
observe,  corresponds  with  the  obliquity  of  the  neck  of  the  femur, 
the  position  of  its  trochanters,  and  the  oblique  direction  of  the 
muscles;  the  object  of  all  being  to  give  a  natural  inclination 
rmtvxmls  to  the  lower  extremity.    The  narrowest  part  of  the 
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ghaft  is  about  the  lower  third.    This  is  the  part  most  frequently 
broken. 

The  internal  surface  is  subcutaneous.  Notice  on  it,  below  the 
internal  tuberosity,  the  insertions  of  the  '  sartorius,'  '  gracilis,'  and 
'  semitendinosus.'  Behind  these  is  a  rough  surface  for  the  attach- 
ment of  the  internal  lateral  ligament  of  the  knee. 

The  external  surface  is  slightly  hollowed  along  its  upper  half  for 
the  origin  and  lodgment  of  the  '  tibialis  anticus ' :  its  lower  part 
is  turned  forwards,  so  as  to  present  a  smooth  surface  adapted  for 
the  play  of  the  tendons  which  run  over  the  front  of  the  ankle- 
joint. 

The  posterior  surface  presents  along  its  upper  third  a  rough  line 
('  soleal  ridge ')  slanting  from  the  outer  towards  the  inner  side.  It 
marks  part  of  the  tibial  origin  of  the  '  soleus ' ;  the  remainder 
of  this  origin  runs  down  the  inner  edge  of  the  shaft  to  the  extent 
of  about  three  inches.  This  origin  is  important,  since  it  concerns 
the  operation  of  tying  the  posterior  tibial  artery.  Above  the 
'  oblique  line '  is  a  triangular  surface,  indicating  the  insertion  of 
the  'popliteus.'  The  surface  of  the  bone  below  the  ridge  is 
occupied,  internally,  by  the  origin  of  the  '  flexor  longus  digitorum,' 
externally,  by  part  of  the  origin  of  the  'tibialis  posticus.'  Just 
below  the  line  is  the  canal  for  the  medullary  artery.  It  is  the 
largest  of  all  the  like  canals  in  the  long  bones,  runs  very  obliquely 
from  above  downwards,  and  when  diyided  in  amputations  some- 
times occasions  troublesome  hsemorrhage.  I  have  many  times 
traced  a  nerve  through  this  canal  with  the  artery  into  the  me- 
dullary cavity. 

With  regard  to  the  edges  of  the  tibia,  the 
anterior,  called  the  '  crest,'  or'  '  shin,'  is  very 
sharp,  and  readily  felt  beneath  the  skin,  but  only  along  the  upper 
two-thirds  of  the  shaft:  along  the  lower  third  the  front  of  the 
bone  is  flattened,  for  the  passage  of  the  extensor  tendons  and  the 
anterior  tibial  vessels  and  nerve.  The  external  edge  looks 
towards  the  fibula,  and  gives  attachment  to  the  interosseous 
membrane  (represented  by  the  dotted  Une  in  fig.  55)  which  con- 
nects the  two  bones.  The  internal  edge  runs  from  the  hinder  part 
of  the  head  of  the  tibia  down  to  the  inner  malleolus.    It  gives 
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SECTION  THilOUOH  THK  TIBIA  T, 
AND  FIBULA  F,  TO  SHOW  THE 
THICKNESS    OF  THBIH  WALLS. 


Fig.  56. 


attachment  to  the  deep  fascia  covering  the  muscles  of  the  back  of 
the  leg,  beneath  those  of  the  calf. 

The  crest  or  'shin'  of  the  tibia  is 
the  densest  and  strongest  part  of  the 
bone  (see  fig.  55),  for  this  reason,  that 
the  chief  strain  on  the  tibia  is  at  the 
anterior  part ;  which  is  at  once  obvious 
if  we  consider  the  direction  of  the  force 
in  walking,  running,  or  leaping.  This 
form  of  the  tibia  is  not  a  mere  matter 
of  accident,  or  the  result  of  the  action 
of  the  muscles  which  surround  it. 

The  lower  end  of  the  tibia  is  expanded  trans- 
versely to  form  a  hinge-joint  with  the  astragalus 
Its  articular  surface  is  concave  from 
before  backwards  ;  but  the  transverse 
plane  of  the  joint  is  horizontal  (as  seen 
in  fig.  56),  like  that  of  the  knee,  for  the 
advantageous  support  of  the  weight  of 
the  body.  The  joint  is  secured  on  the 
inner  side  by  the  projection  termed  the 
'  malleolus  intemus.'  The  outer  side  of 
this  projection  is  smooth  and  crusted  with 
cartilage,  to  articulate  with  the  lateral 
surface  of  the  astragalus ;  the  inner  is 
subcutaneous.  At  its  apex  there  is  a 
deep  notch  for  the  attachment  of  the 
internal  lateral  ligament  of  the  ankle  ; 
and  behind  it  is  a  longitudinal  groove, 
which  transmits  the  tendons  of  the  'tibialis  posticus'  and  the 
'  flexor  longus  digitorum.'* 

La.stly,  on  the  outer  surface  of  the  lower  end  is  the  rough  excava- 
tion for  the  reception  of  the  fibula.  There  is  no  sensible  move- 
ment between  the  bones,  but  just  enough  to  give  a  slight  amount 
of  elasticity.    The  security  of  the  ankle  requires  that  they  be 

*  External  to  this  groove,  there  is,  in  Bomo  bones,  a  slight  depression  for  the  tendon 
of  the  flexot  longus  poUicis. 


Astragalus 
Tunnel. 
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Fig.  67. 


firmly  riveted  togellier  by  a  strong  interosseous  ligament ;  and 
their  contiguous  surfaces  are  rough  for  this  purpose. 

The  ankle  joint  is  such  a  perfect  hinge  that 
when  the  foot  is  at  right  angles  to  the  tibia,  as 
in  standing,  no  lateral  movement  whatever  is 
permitted;  but  when  the  foot  is  extended,  then 
a  very  slight  lateral  movement  can  take  place 
between  the  tibia  and  the  astragalus,  owing  to  the 
astragalus  being  nari-ower  behind  than  in  front. 

The  tibia  is  ossified  from  three 
centres  :  one  for  the  shaft,  and 
one  for  each  end.  The  centre  of  the  upper  end, 
which,  observe,  includes  the  tubercle  (see  fig.  57), 
appears  just  before  or  just  after  birth,  nearly  as 
early  as  the  lower  epiphysis  of  the  femur.  The 
centre  of  the  lower  end  appears  about  the  second 
year.  The  epiphyses  do  not  unite  with  the  shaft 
till  the  age  of  twenty  or  upwards. 


Ossification. 


EPIPHYSIS  OF  THE 
TIBIA. 


THE  FIBULA. 
(Plate  XLIV.) 

The  'fibula'  (a  clasp)  is  the  outer  of  the  two 

EbLATITB  BeAE-  ,  rr,,  ,  1  XI 

ING  OF  THE  Tibia  bones  of  the  leg.  Though  quite  as  long  as  the 
AND  Fibula.  tibia,  it  is  a  slender  hone,  and  does  not  sustain 

any  of  the  weight  of  the  body.  The  upper  end  is  placed  on  a 
lower  level  than  the  knee  joint,  and  forms  no  part  of  it;  but  the 
lower  end  projects  considerably  below  the  tibia,  and  constitutes 
the  outer  ankle.  The  use  of  the  bone  is,  not  only  to  secure  the 
ankle  externally,  but  to  give  additional  extent  of  origin  to  the 
powerful  muscles  of  progression.  Look  well  at  the  relative  posi- 
tion of  the  two  bones  of  the  leg  in  an  articulated  skeleton. 
Observe  that  the  fibula  articulates  witli  the  outer  and  back  part  of 
the  head  of  the  tibia,  and  that  the  shaft  of  the  fibula  arches 
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backwards,  wliile  that  of  the  tibia  arches  forwards  :  the  result  of 
this  is,  that  the  fibula  lies  very  much  in  the  background,  except  at 
its  lower  part,  where  it  advances  to  form  the  malleolus  externus. 
A  knowledge  of  this  relative  bearing  of  the  two  bones  is  impor- 
tant in  the  adjustment  of  fractures,  but  more  especially  in  the 
performance  of  flap-amputations ;  and  for  this  reason :  that  the 
knife,  introduced  from  the  tibial  side,  is  apt,  unless  properly 
directed,  to  pass  between  the  two  bones,  Fia.  58. 

instead  of  behind  them :  and  this  is  the 
more  likely,  since  the  plane  of  the  posterior 
surface  of  the  tibia  slants  considerably  in 
front  of  the  fibula.  The  relative  position 
of  the  two  bones,  as  well  as  their  relative 
thickness,  is  shown  by  a  transverse  section 
(fig.  58).  The  dotted  line  represents  the 
interosseous  membrane. 

The  upper  end  of  the  fibula  is  called  its  '  head,' 

Head. 

and  can  be  felt  plainly  beneath  the  skin.  On  its 
inner  side  is  the  small  oval  surface  which  articulates  with  the 
tibia.  Its  outer  side  is  very  prominent,  and  rises  behind  into  a 
short  projection  termed  the  'styloid  process.'  This  little  process, 
apparently  insignificant,  is  really  significant,  because  it  in  all 
probability  tallies  with  the  olecranon.  It  forms  a  little  lever  *  for 
the  insertion  of  the  biceps  (one  of  the  hamstring  muscles).  Besides 
this,  the  outer  part  of  the  '  head '  gives  attachment  to  the  external 
lateral  ligament  of  the  knee  joint. 

.Shaft,  Sce-  The  shaft  of  the  fibula  is  not  easy  to  under- 

FACE3,  AND  RiDOEs.  gtaud  uulcss  counected  with  the  tibia.  Immediately 
below  the  head,  the  shaft  is  rounder  and  thinner  than  elsewhere. 
The  lower  three-fourths  of  the  shaft  is  triangular,  for  the  more 
convenient  origin  and  course  of  tlie  muscles.  Its  three  surfaces 
are  placed  so  that  one  (internal)  looks  towards  the  tibia;  another 
looks  outwards  ;  the  third  looks  backwards. 

RiD'iKFOB  "^he  inner  or  tibial  surface  is  divided  into  two 

ivTBRfwsRous  imequal  parts  by  a  longitudinal  ridge.  Observe 
Mkmbra.ve.  y^j^  ridge  carefully,  because  it  gives  attachment 

*  To  see  this  process  dovolopol  into  ii  liivor  of  great,  p;)wop,  look  tit  the  skolotoa  of 
the  FIchidna,  or  Ornilhorhijnchiis. 
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to  the  interosseous  membrane  which  separates  the  muscles  on  the 
front  from  those  on  the  back  of  the  leg.  Now  the  grooved  surface 
behind  the  ridge  in  question  gives  origin  to  part  of  the  '  tibialis 
posticus';  that  in  front  of  it  gives  origin  to  the  '  extensor  com- 
munis digitorum,'  (which  arises  also  from  the  head  of  the  fibula 
and  the  tibia,)  to  the  'extensor  proprius  pollicis,'  and  to  the 
'  peroneus  tertius.'  Thus,  four  muscles  arise  from  the  inner  side 
of  the  shaft;  of  these,  three  are  situated  in  front  of  the  interosseous 
membrane,  and  one' behind  it. 

The  outer  surface  of  the  shaft  gives  origin  to  the  '  peroneus 
.longus'  above  and  'brevis'  below.    Towards  the  lower  end  of 
the  bone  this  surface  inclines  backwards,  because  the  tendons  of 
these  two  muscles  play  aloug  the  groove  behind  the  external 
malleolus. 

The  posterior  surface  gives  origin  to  two  muscles  only; 
namely,  along  its  upper  third  to  the  '  soleus,'  and  its  lower  two- 
thirds  to  the  'flexor  bngus  pollicis.'  Here  we  observe  the 
canal  for  the  meduUary  vessels  :  like  that  in  the  tibia,  it  runs 

downwards.  i.  f+i 

The  anterior  border  of  the  shaft  is  the  sharpest,  like  that  ot  the 
tibia.  Trace  it  down  the  bone,  and  you  find  that  it  bifmcates 
about  three  inches  from  the  lower  end,  and  encloses  a  triangular 
surface,  which  is  subcutaneous.    Here  we  feel  for  fractures  of  the 

lower  part  of  the  fibula. 

The  lowei-  end  of  the  fibula  descends  below  the 
m™  Ex-       tibia  in  order  to  form  the  '  malleolus  externus 
TBBNus.  for  the  security  of  the  ankle  joint  on  the  outer 

side.  It  is  not  only  longer  than  the  inner  '  malleolus,'  but  projects 
more,  so  as  to  give  more  power  to  the  tendons  of  the  '  peronei, 
which  play  in  a  groove  behind  it.  On  its  inner  side  is  the  smooth, 
slightly  convex,  triangular  surface  which  articulates  with  the  side 
of  the  astragalus  ;  and  just  above  this  is  the  rough  surface  which 
fits  into  the  groove  of  the  tibia,  and  gives  attachment  to  the  inter- 
osseous membrane  which  rivets  the  two  bones  together  The  apex 
gives  attachment  to  the  external  lateral  ligament  of  the  anWe. 
On  the  inner  side  of  the  apex  is  a  hollow  for  the  attachment  of  he 
transverse  ligament  of  the  ankle,  which  in  the  recent  state  helps 
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to  deepen  the  articular  siu-face  of  the  tibia  behind,  and  adapts  it 
better  to  the  astragalus. 

The  tibia  and  fibula  are  so  fixed  together  at  the  ankle,  that 
there  is  no  sensible  motion  between  them ;  only  just  enough  to 
give  a  little  elasticity.  The  office  of  guarding  the  ankle  is  per- 
formed so  weU  hy  the  fibula,  that  lateral  dislocation  cannot 
take  place  unless  the  fibula  be  broken.  Fractures  of  the  fibula 
generally  occiu-  about  2^  inches  from  the  lower  end,  and  most 
frequently  happen  in  consequence  of  a  violent  outward  twist  of 
the  foot,  as  in  slipping  off  the  curb-stone.  The  outer  surface  of 
the  OS  calcis  comes  to  press  against  the  end  of  the  fibula ;  the 
result  of  which  is,  that  the  shaft  of  the  bone  gives  way  at  the 
weakest  part— that  is,  just  above  the  ankle.  The  same  accident 
may  happen  from  a  violent  twist  of  the  foot  vnwards :  but  in  this 
case  it  is  the  astragalus  which,  by  its  pressure  outwards,  causes 
the  fibula  to  break.  This  kind  of  fracture,  accompanied,  as  it 
usually  is,  with  fracture  of  the  tip  of  the  internal  malleolus,  is  one 
of  the  most  frequent  injuries  about  the  ankle  received  into  a 
London  hospital.  Such  an  accident  is  commonly  called  'Pott's 
fracture,'  after  the  celebrated  surgeon  who  first  described  it. 

The  fibula  has  three  centres  of  ossification ;  one 
OssiFicATioy.  ^^^^^  f^j,  g^^j^  Tl^e  lower 

end  begins  to  ossify  about  the  second  year ;  the  upper  about  the 
third  or  fourth.  Contrary  to  the  rule  (p.  25),  the  lower  end  unites 
the  first  to  the  shaft ;  the  reason  of  this  exception  would  appear 
to  be  the  necessity  of  the  early  solidity  of  the  ankle  joint. 
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THE  BONES  OF  THE  FOOT. 

(Plates  XLV.,  XLVI.) 

NuMBEB  OP  There  are  twenty-six  bones  in  the  foot  (exclud- 

BoNEs.  ing  the  two  sesamoid  bones  of  the  great  toe,  and 

two  others  in  connection  with  tendons) : — In  the  tai'sus,  seven — 
namely,  the  <  astragalus,'  '  os  calcis,'  '  os  scaphoides,'  three  '  cunei- 
form bones,'  and  the  '  os  cuboides  ' ;  in  the  metatarsus,  five  :  the 
remaining  fourteen  belong  to  the  toes. 

Eeasonofthb  Why  should  there  be  so  many  bones  in  the 
MANY  Bones.  foot  ?    The  answer  is  the  same  for  the  foot  as  for 

the  hand — in  order  that  there  may  be  so  many  joints.  The 
structure  of  a  joint  not  only  permits  motion,  but  confers  elasticity. 
Suppose  that,  instead  of  seven  bones  in  the  tarsus,  there  had  been 
only  one  bone,  like  a  shoemaker's  last,  how  much  more  liable  it 
would  have  been  to  fracture  and  dislocation  ! 

Concerning  the  mechanism  of  the  foot,  which 
rooT,  LoNGiTUDi-  wlll  be  morc  fully  described  hereafter  (p.  225), 
NAt  AND  Teans-  uecd  now  onlv  say  that  the  bones  of  the  foot 

form  two  arches  :  one,  '  longitudinal,'  extends  in 
the  long  axis  of  the  foot ;  the  other,  transverse,  is  most  marked  at 
the  instep.  The  longitudinal  arch  is  supported,  behind,  by  the 
OS  calcis,  and  in  front  by  the  heads  of  the  metatarsal  bones.  Its 
height  and  span  are  greatest  on  the  inner  side  of  the  foot ;  and 
gTadually  decrease  towards  the  outer  side.  The  marks  made  by 
wet  feet  show  how  much  more  the  outer  border  of  the  foot  comes 
in  contact  with  the  gi'ound  than  the  inner.  The  weight  of  the 
body  faUs  perpendicularly  on  the  astragalus,  which  is  the  key-stone 
or  crown  of  the  arch.  Concerning  the  astragalus,  two  points  must 
be  borne  in  mind  :— 1.  A  part  (the  head)  of  it  is  supported  below 
by  a  remarkably  strong  and  slightly  elastic  ligament  (calcaneu- 
scaphoid),  which  admits  of  its  rising  and  falling  Uke  a  spring ; 
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Fig.  59. 


2.  It  is  articulated  with  the  os  calcis  and  the  scaphoid  in  such  a 
way  as  to  allow  the  lateral  motions  of  the  foot  (adduction  and 
abduction).  Flexion  and  extension  of  the  foot,  observe,  are  per- 
formed at  the  anUe  joint.  But,  besides  these  beautiful  provisions, 
all  the  bones  of  the  foot  are  more  or  less  movable  on  each  other,  so 
as  to  break  shocks  and  increase  elasticity ;  and  yet  their  mutual 
connection  is  so  well  secured,  that  dislocation  of  any  one  bone  is 
extremely  rare. 

It  is  wonderful  what  habit  and  necessity  will  make  the  foot 
accomplish.    We,  who  coop  it  in  tight  boots,  can  hardly  believe  it 
when  we  hear  of  persons  carving,  writing,  and  even  painting  with 
the  toes.    '  Pes  altera  manus '  is  not  so 
far  oflF  the  mark.    Not  long  ago,  a 
French  artist,  Diicornet,  born  without 
arms,  used  to  paint  with  his  toes  pic- 
tures worthy  of  a  place  in  the  French 
Exhibition. 

The  foot  is  a  lever 
of  the  first  order  for 
raising  the  body.  The 
fulcrum  (which  is  a  movable  one)  is 
at  the  ankle  joint  F  (fig.  59);  the  weight  W  is  at  the  toes; 
and  the  power  (which  is  the  contraction  of  the  muscles  of  the 
calf)  is  at  the  heel  P.  All  the  conditions  are  those  of  a  lever  of 
the  first  order.  The  power  and  the  weight  act  in  the  same 
direction  on  opposite  sides  of  the  fulcrum.  The  pressure  upon 
the  fulcnmi  is  equal  to  the  sum  of  the  pressures  appHed,  i.e. 
P  X  F+ W  X  F.* 


The  Foot  a 
Levee  of  the 
FiBST  Oedeb. 


*  It  is  fiiir  to  state  that  some  regard  the  foot  as  a  lever  of  the  second  order,  making 
the  toc-s  the  fulcrum.    There  is  room,  then,  for  two  opinions  on  the  question. 
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THE  ASTEAGALUS. 
(Plate  XLV.) 

The  astragalus  {aerrpd'yaXos,  talus,  the  huckle- 
The  Key-  &         ^       i     <  i    .       i  i. 

stone:  its  Six  bone,  with  which  the  ancients  used  to  play  at 
Aspects.  dice),  is  the  key-stone  of  the  arch  of  the  foot,  and 

supports  the  whole  weight  of  the  body,  which,  in  the  erect 
osition,  falls  perpendicularly  upon  it  from  the  tibia.  It  is  so 
much  concerned  in  the  mechanism  of  the  spring  of  the  foot,  that 
the  Germans  call  it  the  '  spring  bone.'  To  examine  it  thoroughly 
we  must  study  its  six  aspects. 

SuPEKioE  Its  superior  aspect,  broad  and  horizontal  in  the 

Aspect.  transverse  direction,  the  best  adapted  for  the  erect 

posture,  presents  a  pulley-like  convexity  in  the  antero-posterior 
direction,  to  articulate  with  the  tibia,  and  admit  of  the  flexion 
and  extension  of  the  ankle.  In  front  of  this  is  the  rough  surface 
or  'neck,'  for  the  attachment  of  ligaments.  Observe  that  the 
pulley-like  surface  is  at  least  one-fifth  of  an  inch  broader  m  front 
than  behind.  The  object  of  this  is  to  prevent  dislocation  of  the 
astragalus  backwards,  which  would  otherwise  be  a  more  frequent 
occurrence,  considering  the  direction  of  the  force  in  walking, 
running,  or  leaping.  In  consequence  of  this  greater  narrowness 
of  the  astragalus  behind,  the  ankle  joint  admits  of  a  very  sbght 
lateral  movement,  when  the  foot  is  extended.  But  there  can  be 
no  lateral  movement  at  the  ankle  when  the  foot  is  at  right  angles 
to  the  tibia,  i.e.  when  we  stand  upon  it. 

^  Each  lateral  aspect  presents  an  articular  sm-tace 

aspects"^  adapted  to  the  corresponding  malleolus.   The  outer 

is  much  the  larger,  slightly  concave  from  above  downwards  and 
triangular  with  the  apex  below.  The  inner  is  comparatn^  y  small, 
rounded  in  front  and'pointed  behind ;  it  occupies  very  little  of  the 
bone,  so  that  a  large  rough  excavation  is  left  below,  for  the  attach- 
ment of  the  enormously  strong  internal  lateral  ligament  upon 
which  the  security  of  the  ankle  so  much  depends. 
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PosTEEioK  Its  posterior  aspect  is  narrow  .and  presents 

Aspect.  nothing  remarkable,  except  a  groove  running  ob- 

liquely downwards  and  inwards  for  the  tendon  of  the  flexor  longus 
pollicis,  and  a  projection  on  the  outer  side  of  it  for  the  attachment 
of  the  posterior  division  of  the  external  lateral  ligament  of  the 
ankle. 

Anterior  The   anterior  aspect  presents  a  large  convex 

Aspect.  <  head,'  which  is  received  into  a  socket,  formed, 

in  front,  by  the  scaphoid  ;  below,  by  the  '  sustentaculum  tali  '  (part 
of  the  OS  caleis) ;  also  by  a  strong  and  sliglitly  elastic  ligament 
which  fills  up  the  gap  left,  on  the  inner  side  and  below,  between 
these  bones  in  the  skeleton.  (Plate  LVI.)*  It  is  this  ligament 
(calcaneo-scaphoid)  which  mainly  supports  the  arch  of  the  foot, 
and  gives  it  its  beautiful  spring.  If  this  ligament  yield  more  than 
it  should  do,  as  is  sometimes  the  case  in  weakly  persons,  or  in 
opera-dancers,  from  excessive  straining,  or  in  bakers,  from  carrying 
heavy  weights,  down  goes  the  arch — the  foot  becomes  flat,  and  the 
astragalus  may  sink  low  enough  to  touch  the  ground. 

T  .  The  inferior  aspect  rests  on  the  os  caleis  by  two 

ISFEHIOR  As-  ^ 

fect.  Surfaces  articular  surfaces,  one  behind  the  other,  and 
AJTD  Gboote.  separated  by  a  deep  groove  directed  from  the 

inner  side  obliquely  outwards  and  forwards.  Of  these  surfaces,  the 
posterior  is  by  far  the  larger,  and  placed  a  little  more  external 
tban  the  anterior.  Observe,  also,  that  the  posterior  is  concave,  the 
anterior  flat,  and  that  both  of  them  slant  a  little  downwards  and 
forwards.  The  consequence  of  this  is,  that  when  the  foot  sustains 
the  weight  of  the  body,  the  astragalus  slides  a  little  forwards  on 
the  08  caleis,  and  presses  with  its  head  firmly,  against  the  scaphoid 
bone  and  the  calcaneo-scaphoid  ligament  underneath,  which,  being 
somewhat  elastic,  yields  a  little,  so  that  the  foot  becomes  longer. 
But  this  is  not  all.  When  we  step  forward,  while  the  foot  is  raised, 
the  bones  (os  caleis  and  scaphoid)  roll  easily  below  the  astragalus, 
so  that  the  toes  may  be  directed  to  suit  the  inequalities  of  the 
ground  :  but,  the  foot  once  planted,  the  body  rests  perpendicularly 

*  Sometimes  the  under  enrface  of  the  '  head '  has  two  sopnrnte  '  facets '  to  articulate 
with  the  OS  calci.s.  These,  according  to  Camper,  are  distinctly  marked  in  children ; 
and  he  belierps  that  they  become  united  in  a'iultH,  owing  to  the  prcHsuro  to  whicli 
they  are  subjected  by  the  pnictico  of  wearing  iiigli  Iwnh. 

p  2 
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Tarsus. 


Fig. 


on  it,  the  astragalus  sinks  into  its  socket,  presses  the  os  calcis 
backwards  and  the  metatarsal  bones  forwards,  and  thus  we  have  a 
steady  base  of  support. 
Tunnel  op  the        The  groove  just  alluded  to,  between  the  articu- 
lar surfaces  of  the  astragalus,  corresponds  with 
another  between  those  of  the  os  calcis. 
When  the  bones  are  together,  the  grooves 
form  a  complete  tunnel  (canalis  tarsi) 
beneath  the  astragalus,  wide  on  the  out- 
side, but  narrow  on  the  inside  of  the  foot 
(fig.  60).    This  tunnel  is  occupied  in  the 
recent  state  by  fat  and  by  the  strong 
interosseous  ligament  which  connects  the 
two  bones  :  and  its  direction  is  obliquely 
from  before  backwards,  to  permit  the  free 
lateral  movements  of  the  foot,  which  take 
place,  not  at  the  ankle  joint  proper  (which 
is  a  simple  hinge),  but  between  the  as- 
tragalus and  the  bones  with  which  it 
articulates  below.    The  astragalus  cannot 
be  displaced  from  the  os  calcis  without  rupture  of  the  interosseous 
ligament. 

It   is   ossified   from   a  single  centre,  whicli 
appears  about  the  seventh  month. 

The  astragalus  articulates  with  four  bones — 
namely,  the  tibia,  the  fibula,  the  os  calcis,  and 


Astragalus 
Tunnel. 


Os  Calcis. 


SECTION  TO  SHOW  THE  TUNNEL 
OF  THE  TABSUS. 


Ossification. 


Connections. 


the  scaphoid. 


OS    CALCIS,    OE  CALCANEUM. 
(Plates  XLV.,  XLVI.) 

The  OS  calcis,  or  '  calcanemn,'  is  the  longest 
and  strongest  of  the  tarsal  bones.    Its  office  is 
to  transmit  the  weight  of  the  body  to  the  ground,  and  form  a 
powerful  lever  for  the  muscles  of  the  calf.    The  great  projection 
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and  nearly  horizontal  direction  of  the  heel  are  peculiar  to  the 
s^keleton  of  man,  in  adaptation  to  his  erect  position.  There  is 
a  certain  relation  in  the  human  subject  between  the  projection 
of  the  OS  calcis  and  the  size  of  the  muscles  of  the  calf :  namely, 
if  the  heel  be  short,  the  calf  will  be  large ;  and  vice  versa,  if 
the  heel  be  long,  the  calf  will  be  small.  The  reason  is  obvious : 
a  short  heel  or  lever  requires  the  stronger  muscle,  and  the 
reverse. 

There  is  a  prevalent  opinion  that  the  negro  has  a  longer 
heel  than  the  white  man ;  but  an  examination  of  a  series  of 
calcanea  in  both  races  proves  this  to  be  an  error.  Professor 
Flower  in  his  lectures  on  the  Comparative  Anatomy  of  Man, 
shows  that  the  lengthening  in  the  negro  is  only  apparent  and 
due  to  the  smallness  of  his  calf  and  the  slenderness  of  the  tendo- 
Achillis  immediately  above  the  heel. 

We  must  examine  six  different  aspects  on  the  os  calcis. 
SupEEioB  Its  superior  aspect  presents  the  two  surfaces 

Aspect.  which  support   the  astragalus.     Of  these,  the 

posterior  is  convex  and  larger  than  the  anterior,  which  is  concave, 
long  and  narrow,  and  supported  by  the  '  sustentaculum  tali ' 
(presently  to  be  described).  The  plane  of  both  these  surfaces 
is  horizontal  transversely,  the  better  to  support  the  weight,  but, 
like  those  of  the  astragalus,  they  slope  a  little,  so  that  the  weight 
is  transmitted  obliquely  downwards  and  forwards  upon  the  arch 
of  the  foot.  Observe  the  groove  between  the  articular  surfaces 
for  the  attachment  of  the  interosseous  ligament :  this  groove 
makes,  with  the  astragalus,  a  complete  tunnel  shown  in  the 
woodcut  (fig.  60). 

If  a  perpendicular  section  be  made  through  the  os  calcis, 
it  shows  that  the  compact  wall  is  thickest  at  the  articular 
surfaces  for  the  astragalus ;  and  that,  from  these,  the  principal 
septa  of  the  cancelli  radiate  towards  the  back  and  under  part  of 
the  bone ;  that  is,  precisely  in  the  line  of  pressure. 

A>mfBTOB  The  anterior  end  presents  a  concave  vertical 

Aspeci.  surface,  which  articulates  with  the  cuboid  bone. 

The  edge  of  tbi.s  surface  projects  a  little,  superiorly;  and  the 
projection  deserves  notice,  chiefly  because  it  is  in  the  way  in  the 
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performance  of  'Chopart's'*  operation.  In  some  instances  it 
supports  a  third  articular  facet  for  the  astragalus  (see  p.  211). 
The  rough  tubercle,  on  the  dorsal  surface  of  the  anterior  end,  gives 
origin  to  the  '  extensor  brevis  digitorum.' 

PosTEEioB  The  posterior  end  or  '  great  tuberosity,'  forms 

Aspect.  the  heel.    The  lower  rough  part  indicates  the 

insertion  of  the  '  tendo-Achillis' ;  while  the  smooth  part  above 
indicates  the  position  of  the  bursa  between  the  tendon  and  the 
bone. 

The  external  surface  is  broad,  flat,  and  nearly 

tiXTBBNAI,  -JJI 

Aspect.  subcutaneous.     Eather  in  front  of  the  middle,  is 

a  tubercle  (peroneal  tubercle)  which  serves  to  keep  the  peroneal 
tendons  in  place,  that  of  the  '  peroneus  brevis '  being  above, 
that  of  the  '  peroneus  longus '  below  the  tubercle.  Behind  this 
tubercle  is,  generally,  another,  much  smaller,  for  the  attachment 
of  the  external  lateral  ligament  of  the  ankle. 

The  internal  sm-face  presents  a  concavity  for 

Internal  ,        i     ,  i  i 

Aspect.  the  safe  transmission  of  the  plantar  vessels  ana 

nerves.  At  its  upper  part  is  the  process  termed  the  '  sustenta- 
culum tali;  which  helps  to  support  the  head  of  the  astragalus, 
shelters  the  plantar  vessels  and  nerves,  and  gives  attachment  to 
the  calcaneo-scaphoid  ligament  and  to  some  fibres  of  the  internal 
lateral  Hgament  of  the  ankle.  There  is  a  deep  groove  along 
the  under  surface  of  this  process  for  the  tendon  of  the  '  flexor 
longus  poUicis.' 

The  inferior  or  plantar  surface  presents  at  its 

Infekiob  ,  ^  • 

Aspect.   ^  back  part  two  tubercles,  of  unequal  size,  the 

internal  being  much  the  larger.  They  are  the  only  parts  of  the 
OS  calcis  which  touch  the  ground.  They  serve  for  the  origin  of 
muscles,  and  for  the  attachment  of  the  strong  plantar  fascia  which 
protects  the  sole  of  the  foot.  There  is  also  another  tubercle  for- 
wards for  the  attachment  of  the  calcaneo-cuboid  ligament.  Thus, 
there  are  three  exceedingly  strong  ligaments  attached  to  tlie  os 
calcis  for  the  preservation  of  the  arch  of  the  foot-1,  the  plan- 
tar fascia  (which  acts  as  a  ligament) ;    2,  the  calcaneo-scaphoid 

•  Chopart's  operation  consists  in  the  removal  of  all  the  bones  of  the  foot,  except 
the  OS  calcis  and  astragalus. 
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ligament  beneath  the  head  of  the  astragalus  ;  and  3,  the  calcaneo- 
cuboid. 

The  muscles  arising  from  the  os  calcis  are  as  follows : 
'Abductor  poUicis,'  'abductor  digit!  minimi,'  'flexor  brevis 
cUgitorum,'  '  flexor  accessorius  '  (two  heads),  and  '  extensor  brevis 
digitonun.'  The  '  tendo-Achillis '  is  the  only  insertion  ;  unless 
we  include  that  of  the  little  '  plantaris,'  on  the  inner  side  of  the 
tendo-Achillis,  and  a  few  fibres  from  the  tibialis  posticus  into  the 
'  sustentaculum  tali.' 

The  OS  calcis  has  a  single  centre  of  ossifi- 

OSSIFICATION.  ^^^.^^  ^^^^^      ^^gg  ^jjg     ^Q^g^  ^^^^-^ 

appears  about  the  seventh  month,  and  an  epiphysis  for  the  great 
tuberosity.  The  nucleus  of  the  epiphysis  appears  about  the  tenth 
year.  The  epiphysis  unites  to  the  bone  about  the  sixteenth. 
It  represents,  according  to  some  anatomists,  the  pisiform  bone  of 
the  wrist. 

The  OS  calcis  articulates  with  two  bones,  the 

Connections.  ,        ,  ,      -i  -j 

astragalus  ana  cuboia. 


Os  SCAPHOIDES. 

The  scaphoid  bone,  so  named  from  its  boat-like 
Situation.  form,  is  situated  on  the  inner  side  of  the  tarsus. 

It  presents,  posteriorly,  a  concave  oval  surface  (the  narrow  end 
Ijeing  placed  internally),  which  forms  part  of  the  socket  for  the 
head  of  the  astragalus.  Anteriorly,  it  has  three  articular 
facets  for  the  three  cuneiform  bones.  These  facets  are  not  all  on 
the  same  plane  or  of  the  same  shape :  the  inner  is  the  largest,  it 
articulates  with  the  inner  cuneiform  :  the  middle  and  the  outer 
facets  are  triangular  with  the  apices  below,  to  fit  the  middle  and 
outer  cuneiform.  Externally,  it  has  sometimes  a  small  facet  which 
articulates  with  the  cuboid  bone.  Internally,  it  has  a  very 
prominent  tubercle,  which  projects  on  the  inner  side  of  the 
foot,  and  gives  advantageous  insertion  to  the  tendon  of  the 
'  tibialis  posticus,'  wliicli  tunis  the  foot  inwards.  This  tubercle 
is  the  best  guide  to  the  joint  behind  it,  in  the  performance  of 
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Chopart's  operation.  The  lower  part  of  the  scaphoid  is  very 
rough  for  the  attachment  of  the  calcaneo-scaphoid  ligament. 

Distinction  BE-  boue  be  held  in  its  natural  position, 

TWEEN  Eight  and    that  is,  with  the  cup  backwards,  and  convex 
surface  upwards,  the  broader  end  of  the  cup  will 
be  on  the  side  to  which  the  bone  belongs. 

It  has  a  single  centre,  which  appears  about  the 
fourth  year. 

The  scaphoid  articulates  with  four  bones,  and 
sometimes  five  ;  the  fifth  being  the  cuboid. 


Ossification. 


Connections. 


Os  CUBOIDES. 

The  cuboid  bone  is  situated  on  the  outer  side 
Situation.  t     ■,  •  ^ 

of  the  tarsus,  and  is  wedged  m  between  the  os 

calcis  and  the  fom-th  and  fifth  metatarsal  bones.    Observe  that 

the  base  of  the  wedge  is  turned  towards  the  cuneiform  bones, 

so  that  the  pressure  in  the  arch  of  the  foot  may  be  properly 

distributed.    Suppose,  for  a  moment,  the  base  were  turned  the 

other  way,  would  not  the  lateral  thrust  from  the  external  cuneiform 

bone  force  the  cuboid  out  of  the  arch,  and  the  falling  of  the  arch 

be  the  consequence  ? 

Its  posterior  surface  is  slightly  concave  fi'om 
StntrACBS.  ,  ,  ,  ,  £.  •  1  J. 

above    downwards,  and  convex   from    side  to 

side,  to  articulate  with   a  corresponding  surface  on   the  os 

calcis.    Observe  that  the  plane  of  this  joint  is  the  same  as  that 

between  the  scaphoid  and  astragalus.    Hence  partial  amputation 

of  the  foot  (Chopart's  operation)  here  is  easy.    But  it  cannot  be 

done  at  one  stroke  of  the  knife,  because  the  inner  corner  of  the 

cuboid  projects  a  little  beneath  the  os  calcis,  to  prevent  it  being 

dislocated  upwards. 

Its  anterior  surface  has  two  smooth  facets,  the  inner  nearly 
square,  the  outer  tria,ngular,  for  the  support  of  the  fourth  and  fifth 
metatarsal  bones. 

Its  internal  surface  articulates  with  the  third  or  outer  cunei- 
form, by  a  flat  oval  surface,  and,  generally,  with  the  scaphoid. 

Its  inferior  surface  is  traversed  by  a  deep  groove  which  runs 
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obUqu.-ly  inwards  and  forwards  and  lodges  the  tendon  of  the 
'  peroueus  longus.'  The  prominent  ridge  behind  the  groove,  and 
the  rest  of  its  under  surface,  give  attachment  to  the  calcaneo- 
cuboid ligament.  Observe  near  the  posterior  part  of  this  ridge 
a  small  smooth  facet  (crusted  in  the  recent  state  with  cartilage), 
which  articulates  with  the  'sesamoid'  bone  in  the  tendon  that 
lies  in  the  groove. 

The  single  nucleus  of  the  cuboid  bone  appears 

Ossification.  ,  i  •  ,i 

at  birtn. 

The  cuboid  articulates  with  four  bones — the  os 
CoNXEcnoNs.  calcis,— the  outer   cuneiform,   and  the  fourth 
and  fifth  metatarsals — and  sometimes  with  a  fifth,  namely,  the 
scaphoid. 

The  cuboid  gives  origin  to  parts  of  two  muscles  in  the  sole — 
the  '  adductor  pollicis,'  and  the  '  flexor  brevis  pollicis.'  Eemember 
that  the  adductor  pollicis  arises,  not  immediately  from  the  bone, 
but  from  the  fibrous  sheath  which  bridges  over  the  groove  for  the 
peroneus  longus. 

DisnscTioN  Hold  the  bone  in  its  natural  position,  i.e.  with 

BETWEEN  Eight  the  groove  downwards,  and  the  articular  sm'face 
AND  Left.  qqIcis  backwards  :  the  groove  will  be  on 

the  side  to  which  the  bone  belongs. 


OSSA  CUNEIFOIIMIA. 

The  cuneiform  or  wedge  bones  are  placed  at  the 
front  part  of  the  tarsus,  and  are  named  the 
'  internal,'  '  middle,'  and  '  external ' ;  or  first,  second,  and  third, 
according  to  their  position.  Behind,  they  articulate  with  the 
scaphoid ;  in  front  with  the  three  inner  toes,  respectively.  The 
bases  of  the  middle  and  external  are  towards  the  dorsum  of  the 
foot,  but  the  base  of  the  internal  is  turned  towards  the  sole,  in 
order  to  form  one  of  the  buttresses  of  the  transverse  arch  of 
the  foot. 

isTERNAi,  The  first  or  internal  cuneiform  is  the  largest, 

C0KBIFORM.  because  it  supports  tlie  great  toe.    Anteriorly,  it 

articulates  with  the  metatarsal  bone  of  the  great  toe  by  a  slightly 


Position. 
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convex,  kidney-shaped  surface,  with  the  long  diameter  vertical. 
Inferiorly.  the  thick  base  projects  into  the  sole  considerably  below 
the  other  cuneiform  bones  in  order  to  give  broad  insertion  to  the 
tendons  of  the  two  muscles  which  turn  the  sole  of  the  foot  inwards, 
namely,  the  'tibialis  anticus'  and  'posticus.'  Externally,  it  is 
slightly  concave,  and  articulates  along  its  upper  and  posterior 
margins  with  the  second  cuneiform  bone  and  the  second  metatarsal 
bone :  internally,  it  is  convex,  and  has  a  little  smooth  surface  over 
which  the  tendon  of  the  '  tibialis  anticus '  plays.  Posteriorly,  it 
articulates  with  the  scaphoid  by  a  concave  surface,  wider  below 
than  above. 

Thus  it  articulates  with  four  bones,  namely — the  scaphoid, 
the  middle  cuneiform,  and  the  two  inner  metatarsals. 

Distinction  Hold  the  bone  with  the  base  downwards  and  the 

BETWEEN  Eight  kidney-shaped  smface  forwards :  the  concave  side 
AND  Left.  ^-^^  ^^^^  towards  the  foot  to  which  the  bone 

belongs. 

jjjjjjjj^j.  The  second  or  middle  cuneiform  bone  is  not 

CTOEn?oBM.  only  the  smallest  of  the  three,  but  does  not  project 

so  much  as  the  others  ;  consequently  the  second  metatarsal  bone, 
which  it  supports  by  a  triangular  surface,  is  more  deeply  set  in  the 
tarsus  than  the  other  metatarsals.  This  is  a  point  to  be  remem- 
bered in  removing  the  metatarsal  bones  (Key's  operation). 
Posteriorly,  it  articulates  with  the  scaphoid  by  a  triangular  surface 
with  the  apex  below.  It  has  on  each  side  an  articular  facet  for 
the  adjoirdng  wedge  bones.  The  external  facet,  slightly  con- 
cave, runs  vertically  along  its  posterior  half  in  correspondence 
with  the  external  cuneiform.  The  internal  facet,  slightly  convex, 
skirts  its  superior  and  posterior  borders;  thus  presenting  a 
horizontal  and  a  vertical  portion,  in  exact  correspondence  with 
the  marginal  surface  of  the  internal  cuneiform.  It  is  one  of  the 
peculiarities  of  these  wedge  bones  of  the  foot,  that  intervals  are 
left  between  their  sides,  for  the  attachment  of  the  interosseous 
ligaments  which  fasten  the  bones  together. 

The  middle  cuneiform  articulates  with  four 

Connections.        ^,^„gg_tbe  scaphoid,  outer  and  inner  cuneiform, 

and  the  second  metatarsal. 
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-  Hold  the  bone  with  the  apex  downwards,  and 

BE^!^  kIght  the  narrowest  side  of  the  base  forwards :  the  con- 
AND  Left.  ^^^q  gide,  which  has  the  vertical  articular  sui'face 

only,  will  look  towards  the  foot  to  which  it  belongs. 

External  The  third  or  external  cimeiform  bone  articulates, 

Cuneiform.  exterually,  with  the  cuboid  by  a  flat  oval  facet, 

and  with  the  inner  corner  of  the  foui-th  metatarsal  bone  ;  internally, 
with  the  middle  cuneiform  and  the  second  metatarsal ;  posteriorly, 
with  the  scaphoid;  anteriorly,  it  supports  the  third  metatarsal 
on  a  triangular  surface  :  thus  it  articulates  with  six  bones. 
Notice,  especially,  the  extent  to  which  it  juts  forwards  between  the 
second  and  fourth  metatarsal  bones,  so  that  it  helps  to  support 
tln-ee  metatarsals,  just  as  the  os  magnum  of  the  wrist  supports 
three  metacarpals  (p.  164). 

The  flexor  brevis  pollicis  partly  arises  from  the  under  surface 
of  the  external  cuneiform;  and  some  of  the  fibres  of  the  tendon  of 
the  tibialis  posticus  are  inserted  into  it. 

Hold  the  bone  with  the  apex  downwards,  and 

DlSTINCXION 

BCTWEEN  Eight  the  triangular  articular  surface  forwards  :  the  flat 
AND  Left.  f^^et  for  the  cuboid  side  will  look  towards 

the  foot  to  which  it  belongs. 
Aeticxh^tions        Look  once  more  at  the  bones,  and  remember 

OF  TARS.AL  Bones,    that  the  astragalus  articulates  with  four  bones  ; 

the  03  calcis  with  two ;  the  scaphoid  with  foiu-  (sometimes  five) ; 

the  internal  cuneiform  with  four;  the  middle  cuneiform  with 

four;  the  external  cuneiform  with  six;  the  cuboid  with  four 

(sometimes  five,  the  fifth  being  the  scaphoid). 

Each  bone  of  the  tarsus  has  one  centre  of  ossi- 

Oi-STFICATION  OF  i    .  t  •   i       1.  . 

THE  Tarsal  fication,  except  the  os  calcis,  which  has  two. 

Bones.  -j^y^e  og  calcis  begins  to  ossify  about  the  sixth 

month  of  fcetal  life  ;  the  astragalus  about  the  seventh  month ;  the 
cuboid  about  birth  ;  the  external  cuneiform  about  the  first  year 
after  birth  ;  the  middle  and  internal  cuneiform  and  scaphoid  about 
the  third  or  fourth  year. 

The  second  centre  of  the  os  calcis  is  at  the  back  part  of  it.  It 
appears  alxmt  the  tenth  year,  and  joins  the  rest  of  the  bone  about 
puberty.    It  represents  the  pisiform  bone  of  the  wrist. 
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Metatarsus. 

General  The  five  metatarsal  bones  are  named  the  first, 

Dbscbiptiok.  second,  third,  etc.,  counting  from  the  inner  side. 
The  first  is  the  shortest  and  by  far  the  strongest,  since  it  supports 
the  great  toe.  The  second  is  the  longest ;  and  from  this  the  thii-d, 
fourth,  and  fifth  gradually  decrease  in  length.  All  are  slightly 
arched  from  before  backwards ;  in  addition  to  this,  the  three  outer 
incline  a  little  sideways  towards  the  great  toe.  The  outer  sides  of 
their  shafts  are  flattened,  the  inner  are  more  convex.  The  spaces 
between  them  are  termed  the  '  interosseous  spaces,'  and  gradually 
decrease  in  size  towards  the  outer  side.  As  the  metatarsal  bones 
are  '  long '  bones,  we  speak  of  their  shafts  and  their  articular  ends ; 
the  upper  end  being  termed  the  '  base,'  and  the  lower  the  '  head ' 
of  the  bone, 

Like  the  corresponding  bones  in  the  hand,  tlie  shafts  of  the 
metatarsal  bones  are  more  or  less  triangular,  for  the  convenient 
lodgment  of  the  interosseous  muscles,  and  they  gradually  taper 
from  their  upper  ends. 

Bases  oe  Their  bases  articulate  with  the  second  row  of 

Upper  Ends.  the  tarsus,  and,  laterally,  with  each  other  ;  that  of 
the  first  excepted.  Observe  that  the  line  of  the  tarso-metatarsal 
articulations  would  be  a  tolerably  even  curve,  but  for  the  second 
metatarsal,  which  is  jammed  into  a  recess  between  the  cuneiform 
bones.  Thus  the  second  metatarsal  is  firmly  locked  in  like  the 
second  metacarpal. 

Heads  or  Their  heads,  which  are  much  smaller  than  those 

LowEit  Ends.  of  the  metacarpal  bones,  are  convex,  to  fit  into 
the  cups  of  the  first  phalanges ;  they  are  grooved  above  for 
the  attachment  of  ligaments,  and  have  lateral  tubei'cles  towards 
the  dorsal  surface  also  for  the  attachment  of  ligaments. 

The  convexity  of  the  head  of  each  metatarsal  extends  well 
downwards  towards  the  sole  of  the  foot — that  is,  in  the  direction 
of  flexion,  and  terminates  below  in  two  points  which  we  will  call 
the  'condyles.'  Now  the  external  condyle  is  always  the  more 
prominent,  and  a  well-marked  ridge  runs  between  it  and  the 
shaft.    Hence,  when  a  metatarsal  bone  is  held  in  its  natural  iwsi- 
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tion,  with  the  head  forward,  and  the  dorsum  of  the  shaft  upwards, 
the  more  prominent  condyle  will  be  on  the  side  to  which  the  bone 


belongs. 
FiKST  Mhtta 

TARSAL. 


BASE  OF  FIKST  BIGHT  JIB- 
TATAKSAL.    ODTEIl  SIDE. 


Eight  oe  Left  ? 


The  excessive  strength  and  size  of  the  first 
metatarpal  bone  which  supports  the  great  toe,  is 
peculiar  to  man.  It  is  the  chief  support 
upon  which  the  body  is  raised  by  the  great 
muscles  of  the  calf.  Its  base  presents  a 
kidney-shaped  sm-face,  which  articulates  ex- 
clusively with  the  internal  cuneiform  bone  ; 
and  there  is  an  impression  on  the  outer  side 
of  its  plantar  aspect,  indicating  the  in- 
sertion of  the  'peroneus  longus.'  Its  head 
is  remarkably  broad,  to  support  the  ball  of 
the  great  toe,  and  has  on  its  imder  surface  two 
grooves  (separated  by  a  ridge)  for  the  play  of 
the  two  sesamoid  bones. 

Hold  the  bone  in  its  natural  position,  with  the 
base  towards  you :  the  concave  side  of  the  kidney- 
shaped  surface,  and  the  impression  for  the  peroneus  longus  (fig. 
61)  will  look  towards  the  foot  to  which  it  belongs 

Secokd 

ilETATABSAL. 

longest  of  all,  may  be  known  by  its 
triangular  surface  at  the  base  for 
the  middle  cuneiform  bone,  a  small 
lateral  facet  for  the  inner  cunei- 
form, and  four  lateral  facets  on  its 
outer  side;  namely,  two*  for  the 
outer  cuneiform,  and  two  for  the 
third  metatar.sal  bone. 

Hold  the  bone  with  the  base  towards  you,  and 
in  its  natural  position :  the  four  lateral  facets 
will  be  on  tlie  side  to  which  the  bone  belongs  (fig.  63). 

»  Tliese  facets  are  Komotime.')  joined  so  as  to  form  a  vortical  linear  surface,  but 
gfinerally  tho  npp«r  are  separated  from  the  lower  by  a  gap  for  the  interosseous  liga- 
ment. 


The  second  me- 
tarsal    bone,  the 


INNBB  SIDE. 


OUTKB  SIDK. 


BASE  OF  SECOND  BIGHT  METATARSAL. 


Eight  ok  Left  ? 
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Third  The  third  meta- 

Metatarsal.  |.a;,sal  bone  may  be 
known  by  its  having  two  articular 
facets  on  the  inner  side  of  the  base, 
and  one  on  the  outer  side. 

Hold    the  bone 
with  the  base  towards 
the  single  lateral  facet  will  be 


Eight  oh  Left  ? 


you 


INNEK  SIDE. 


OUTER  SIDE. 


BASE  OF  THIRD  EIGHT  METATABSAI,. 

FlO.  66. 
IT. 


FOUETH 

Metatarsal. 


Eight  or  Leit  ? 


INNER  SIDE. 


OUTER  SIDE. 


on  the  side  to  which  the  bone  be- 
longs (fig.  65). 

The  fourth  meta- 
tarsal bone  may  be 
known  by  its  square  tarsal  surface  for 
the  cuboid,  and  a  single  facet  on  each 
side  (fig.  66,  67).  The  inner  facet  is, 
as  a  rule,  divided  by  a  slight  ridge  into 
an  anterior  and  a  posterior  part.* 

Hold  the  bone  with 
the  base  towards  you  : 
BASE  OF  FOURTH  EIGHT  METATARSAL,  the  most  promiuent  angle  at  the  base 
will  point  to  the  foot  it  belongs  to. 

-PTFTH  The  fifth  metatarsal  bone 

Metatarsal.  cannot  be  mistaken,  in  con- 
sequence of  the  great  projection  on  the 
outer  side  of  its  base.  .  The  use  of  this  pro- 
jection  is  to  give .  attachment  to  ligaments, 
and  to  the  tendon  of  the  peroneus  brevis. 
The  peroneus  tertiiis  is  inserted  on  the 
dorsal  aspect  of  the  base.  The  surface 
of  articulation  with  the  cuboid  slants 
towards  the  ball  of  the  great  toe.  There 
is  a  round  lateral  facet  for  the  fourth  meta- 
tarsal. 

Hold  the  bone  with  the  base  towards  you: 
the  projection  from  it  will  be  on  the  side  to  which 
the  bone  belongs  (fig.  69). 

*  The  posteriol"  being  for  llio  outer  cuneilbrm.  But  (he  fourth  metatarsal  does  not 


INNER  SIDE. 


OUTER  SIDE. 


BASE  OF  FIFTH  EIGHT  META' 
TARSAL. 

Eight  or  Left  ? 
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It  may  be  well  to  remind  the  reader  that  there 
..i"™""    i3  a  remarkable  agreement  in  the  majority  of  cases 

SALS  AND  MeTA-  jjj 

the  number  of  bones  with  which  corresponding 
CAEPALS.  metatarsals  and  metacarpals  articulate  at  their 

bases.  Thus,  the  base  of  the  first,  in  each  case,  articulates  with 
one  bone-that  of  the  second  with  four-that  of  the  third  with 
three-that  of  the  fourth  with  three-and  that  of  the  fifth  with 
two.  This  agreement  points  to  a  common  plan  in  the  develop- 
ment of  the  hand  and  foot. 

Each  metatarsal  bone  has  two  centres  of  ossifi- 
OssmcATioK.  ^j^g  g^^ft^       ot,]ier  for  the  head. 

The  first  metatarsal,  however,  has  its  terminal  epiphysis  not  at  the 
head,  but  at  the  base,  which  is  precisely  the  case  with  the  metacarpal 
bone  of  the  thumb.  The  epiphyses  appear  about  the  fourth  year, 
and  unite  to  the  shafts  about  the  eighteenth. 

Phalaxges  of  The  phalanges  of  the  toes  resemble  in  number 
THE  Toes.  and  plan  the  corresponding  bones  in  the  hand, 

which  we  have  already  described.  The  second  phalanges  are  very 
short.  Like  the  thumb,  the  first,  or  great  toe  has  only  two  pha- 
langes. That  which  is  absent  is  the  second  phalanx.  This  is  the 
case  throughout  the  whole  mammalian  class,  provided  it  supports 
a  nail,  a  hoof,  or  a  claw.  In  subservience  to  its  function  of  sup- 
porting the  body,  the  great  toe  is  not  only  the  largest  but,  in  most 
instances,  the  longest  of  the  toes.  The  third  toe  is  the  represen- 
tative of  the  chief  part  of  the  hind  foot  of  the  horse.  The  last  two 
phalanges  of  the  Uttle  toe  are  generally  anchylosed  in  adults,  in 
consequence  of  being  cramped  by  tight  shoes  :  so  different  from 
that  free  spreading  of  the  toes  which  nature  intended. 

Sesamoid  Bones. 
There  are  two  sesamoid  bones  which  play  in  two  grooves  be- 
neath the  head  of  the  first  metatarsal  bone.  They  act  like  little 
'  patellae-,'  and  increase  the  leverage  of  the  muscles  which  work  the 
great  toe  (see  p.  170).  Very  exceptionally  similar  bones  are  met 
with  in  the  corresponding  joints  of  other  toes. 

always  touch  the  outer  cuncifomi.  This  variation,  seen  in  several  specimons  in  tliu 
st/.res  of  the  Mmeum  of  thf>  Royal  Ck>llcgo  of  Surgoons,  is  recognised  Ijy  Sappey. 
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The  following  outline,*  taken  from  a  preparation,  is  made  to  show 
the  sequence  of  the  bones  which  form  the  inner  and  the  outer  sides 

Fio.  70. 


of  tlie  longitudinal  arch  of  the  foot.  On  the  inner  side  are  the  astra- 
galus, the  scaphoid,  and  the  three  cuneiform  bones  supporting  the 

*  Wo  are  indeLted  for  this  outline  to  Mr.  Keetlcy,  Assistant-Demonstrator  of 
Aniitomy  nt  St.  Bartholomew's  Ilospital. 
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three  inner  metatarsals.  On  the  outer  side  are  the  os  calcis,  the 
cuboid  and  the  two  outer  metatarsals.  By  putting  the  two  sides 
together,  it  is  easy  to  study  and  recollect  their  relative  bearings. 

Observations  on  the  Foot  as  a  whole. 

The  knowledge  of  the  individual  bones  will  be 
shrtT^oJ"  of  little  practical  use,  unless  the  skeleton  of  the 
THE  Foot.  f^Q^     studied  as  a  whole. 

AscHEsoFTHE  Thc  foot  Is  a  combination  of  numerous  small 
Foot.  bones,  adapted  and  connected  so  as  to  form  certain 

strong  and,  at  the  same  time,  elastic  arches. 

LoNcirroiNAr  The  principal  arch  is  in  the  antero-posterior  or 
Abch.  long  axis  of  the  foot.    This  '  longitudinal  arch  ' 

has  to  bear  the  weight  of  the  body  erect.    It  is  supported,  behind, 
by  the  tuberosities  of  theos  calcis  ;  and  in  front,  by  the  distal  ends 
of  the  metacarpal  bones.     Its  inner  side  is  much  higher  than  the 
outer,  and  is  formed  by  the  astragalus,  the  scaphoid,  the  three 
cuneiform  and  three  inner  metatarsal  bones.     This  is  well  seen  in 
fig.  70.    The  outer  side  of  the  arch  is  much  lower  than  the  inner, 
and  is  formed  by  the  os  calcis,  the  cuboid,  and  the  two  outer  me- 
tatarsal bones.    It  is  supported  mainly  by  a  strong  ligament 
termed  the  '  calcaneo- cuboid.' 

Thaxsveese  Besides  the  longitudinal  arch  there  is  another 

Abch.  in  the  transverse  direction.    This  is  most  marked 

over  the  instep ;  that  is,  its  greatest  convexity  is  across  the  cunei- 
form and  the  cuboid  bones.  Its  inner  side  is  much  thicker  than 
the  outer. 

YiELDivo  OF  When  we  stand,  not  only  does  the  longitudinal 

tubAbcozs.         arch  of  the  foot  yield,  but  the  transverse  arch 
yields  also.    The  wedge  bones  and  the  metatarsals  are  con- 
nected by  interosseous  ligaments,  which,  being  Fio.  71. 
Hlightly  elastic,  give  a  little,  and  thereby  in-  y^^'^T'^^ 
crea.se  the  transverse  breadth  of  the  foot.  A 
transverse  section  across  the  instep,  that  is, 
through  the  wedge  bones,  shows  that  they  are  shaped,  not  like 
the  stones  of  a  bridge,  as  in  fig.  71,  but  as  represented  in  fig.  72. 

Q 
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Their  sides  are  not  in  apposition  all  the  way  down,  but  gaps  are 
Fia.  72.        left  between  them:  now  these  gaps  are  occupied 
by  elastic   ligaments,  which   permit  a  certain 
amount  of  separation  between  the  bones  when  the 
arch  is  pressed  upon. 
TKANsvBBSK  SEC-      MECHANISM  OP        Let  US  uow  couslder  the  me- 

TIOJI  TO  SHOW  THE     -j,  „r 

FOEM  OF  THE  cTj-  ^^^'^  IN  WALKING,  chauism  of  the  foot  in  the  act  of 
NEiFOHM  BONES.  walHug.  lu  staudlug,  the  weight  of  the  body  is 
transferred  from  the  astragalus  both  backwards  and  forwards ; 
backwards  to  the  heel-bone,  forwards. to  the  end  of  the  metatarsals 
and  toes.  The  inner  side  of  the  arch  sinks  a  little,  the  outer  side 
touches  the  ground,  or  nearly  so.  Thus  the  weight  is  evenly 
distributed ;  the  head  of  the  astragalus  transmitting  it  to  the  inner 
side,  the  calcaneum  to  the  outer  side.  The  foot  then  forms  a  firm 
basis  of  support,  becoming  a  little  longer,  and  a  little  wider  at  the 
toes,  owing  to  the  widening  of  the  transverse  arch  and  the  slight 
separation  of  the  metatarsals. 

"WTien  we  begin  to  walk,  the  heel  is  first  raised,  the  astragalus 
is  tilted  forwards  and  downwards,  but  cannot  slip  off  the  os  calcis 
by  reason  of  the  alternately  convex  and  concave  joints  between 
them.  The  astragalus  in  this  position  is  almost  hooked  on,  so  to 
speak,  to  the  calcanfeum.  It  transmits  the  weight  of  the  body 
through  the  scaphoid  to  the  three  inner  toes,  and  through  the 
calcaneimi  and  cuboid  to  the  two  outer ;  then  the  weight  is  entirely 
sustained  by  the  heads  of  the  metatarsal  bones,  especially  that  of 
the  gTeat  toe,  which  is  the  last  to  leave  the  ground  and  propels  the 
body  on  to  the  other  foot,  extended  forward  to  receive  it.* 

Such  is  the  beautiful  mechanism  of  the  calcaneo-astragaloid 
joiat.  It  is  equally  strong  and  transmits  weight  with  the  same 
security,  whether  the  pressure  be  vertical,  as  in  the  erect  position, 
or  oblique,  as  in  the  middle  of  the  act  of  walking,  or  when  we 
stand  on  tip-toes. 

Our  shoes  ought  to  be  made  so  as  to  permit  the  natural  play  of 
the  arches  of  the  foot.  It  is  manifest  that  the  practice  of  weai-ing 
high  heels  alters  the  level  of  the  piers  of  the  arches.    By  thus 

*  For  further  practical  romarks  on  this  subject,  see  '  Anatomy  and  Surgery  of  the 
Human  Foot,'  by  J.  Hancock,  1873. 
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raisin.^  one  pier,  i.e.  the  heel  bone,  we  walk  on  an  incUned  plane ; 
we  alter  the  bearings  of  all  the  other  bones ;  we  throw  more 
pressui-e  on  the  toes  than  nature  intended,  and  thus  give  rise  to 
distortion,  crooked  toes,  bunions  and  corns-local  troubles  which 
disincline  or  prevent  us  from  taking  necessary  exercise  and  set  up 
far  more  serious  constitutional  ailments. 

Interosseous  Muscles  of  the  Foot. 
Yu^oF  The   interosseous  muscles  in  the  foot  (Plate 

ABRAUGEstEST.  XL VI.)  are  arranged  very  much  like  those  m  the 
hand.  They  are  seven  in  number ;  four  on  the  dorsal  surface  and 
three  on  the  plantar.  Observe  that  the  dorsal  arise  from  the 
opposite  sides  of  the  metatarsal  bones,  and  are  inserted  into  the 
first  phalanges  of  the  second,  third,  and  fourth  toes,  so  that  they 
draw  the  toes  from  a  stationary  line  supposed  to  run  down  the 
centre  of  the  second  toe.  It  shoidd  be  remembered  that,  in  the 
case  of  the  hand,  this  line  is  drawn  along  the  centre  of  the  middle 
finger  (p.  171). 

The  plantar  belong  to  the  three  outer  toes,  arise  each  from 
one  metatarsal  bone,  and  are  inserted,  each,  into  the  first  phalanx 
of  the  same  toe,  so  that  they  draw  to  the  stationary  line. 
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THE  THORAX. 

(Plate  XLVn.) 

Gbnbbal  The  thorax  is  the  framework  which  contains 

Dbsceiption.  the  heart  and  lungs.  The  ribs,  with  their  carti- 
lages, describe  a  series  of  arcs,  successively  increasing  in  length  as 
far  as  the  seventh,  and  form,  with  the  spine  and  sternum,  a 
barrel  of  a  somewhat  conical  shape,  much  broader  from  side  to  side 
than  from  before  backwards.  The  lower  aperture  or  base  of  the 
cavity  is  open  in  the  skeleton,  but  closed  in  the  recent  subject 
by  a  thin  flat  muscle,  called  the  '  diaphragm,'  which  separates  the 
chest  from  the  abdomen,  and  has  openings  for  the  passage  of  the 
alimentary  canal  and  the  great  blood-vessels.  This  muscular 
partition  is  not  flat,  but  arched,  so  that  it  forms  a  vaulted  floor 
for  the  chest.  By  its  property  of  alternately  rising  and  falling, 
it  can  increase  or  diminish  the  capacity  of  the  chest.  The 
spaces  between  the  ribs  are  filled  by  the  intercostal  muscles. 
In  each  space  there  are  two  layers  which  cross  like  the  letter  X  : 
the  outer  layer  rims  downwards  and  forwards  :  the  iimer,  upwards 
and  forwards. 

Such,  in  outline,  is  the  framework  of  the  chest.  Its  walls  are 
made  up  of  different  structures — bone,  cartilage,  and  muscle,  put 
together  so  as  to  answer  two  apparently  incompatible  purposes. 
By  their  solidity  and  elasticity  they  protect  the  important 
organs  contained  in  the  chest ;  and  by  their  power  of  alternately 
dilating  and  contracting,  they  serve  as  the  mechanical  agents 
of  respiration.  They  can  enlarge  the  cavity  of  the  chest  in  three 
directions  :  in  height,hj  the  descent  of  the  diaphragm;  in  width, 
by  the  turning  outwards  of  the  ribs ;  in  depth,  by  the  raising  of 
the  sternum. 
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THE  STERNUM. 
(Plate  XLVn.) 

The  stermim  {arepvov,  the  breast)  is  a  long  flat 
PosmoK.  ^^^^^  situated  in  front  of  the  chest,  for  the  sup- 

port of  the  ribs  and  the  clavicles.  In  the  adult  male,  it  is  from 
six  to  seven  inches  long  :  rather  less  in  the  female.  Observe  that 
its  direction  is  not  perpendicular,  but  that  it  slants  forwards,  so  as 
to  make  more  room  for  the  heart  and  lungs.  It  is  much  broader 
and  thicker  at  the  upper  end  (manubrium),*  because  this  has  to 
support  the  clavicles. 

Tbaxsteese  notice  upon  the  sternum  four  faintly-marked 

Llnes  a>t)  transverse  lines,  which  are  traces  of  the  original 

MAJo^HniM.         division  of  the  bone  into  five  pieces.    The  most 
conspicuous  of  these  lines  corresponds  with  the  insertion  of  the 
second  costal  cartilage ;  that  is,  at  the  junction  of  the  manubrium 
with  the  second  piece.    This  line  is  an  important  guide  to  the 
second  rib.    The  '  manubrium '  or  '  presternum  '  has  a  notch  on 
the  top  (interclavicular  notch),  so  as  not  to  press  on  the  trachsea. 
On  either  side  of  it  is  an  oblong  articular  surface  for  the  clavicle. 
In  the  dry  bone,  this  surface  looks  flat ;  but  in  the  recent  state, 
the  incrusting  cartilage  makes  it  somewhat  saddle-shaped,  that  is, 
concavo-convex.    This  kind  of  joint  permits  the  clavicle  to  rotate 
nearly  as  freely  as  the  thumb  on  the  trapezium.    Although  the 
end  of  the  clavicle  is  so  much  larger  than  the  surface  on  which  it 
rotates,  yet  dislocation  of  it  is  exceedingly  rare,  owing  to  the  great 
strength  of  the  ligaments.    To  break  the  clavicle  is  much  easier 
than  to  dislocate  it  (see  p.  140). 
MEsosTKKxtJM         ^^^h  bordcr  of  the  middle  division  of  the 
AND  NoTafKs.        sternum  ('  mesostemum ')  has  seven  notches  in  it 
for  the  reception  of  the  cartilages  of  the  seven  true  ribs.  All, 
except  the  first,  are  situated  at  the  places  where  the  original  pieces 

*  The  Bteinnin  ^as  coiDFartd  by  the  ancients  to  asTicord;  the  broad  part  •was 
called  '  ir.aLnbriiiD),'  the  jnkidle  jiut  'nnicro,'  and  the  cartilngo  at  the  end  the 
xiphoid'  or  '  en  si  form'  cartilage. 
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of  the  bone  unite.  In  some  instances  there  is  a  hole  in  its  lower 
part. 

Ensitorm  The  ensiform  cartilage  (or  'xiphisternum')  at 

Cahtilaqe.  the  lower  end  of  the  sternum  generally  remains 

unossified,  even  at  a  great  age.  Its  length  and  shape  vary  much 
in  different  persons.  Sometimes  it  is  bent  forwards,  or,  it  may 
be,  backwards,  and  this  especially  in  workmen  who  hold  tools 
against  the  pit  of  their  stomach.  Occasionally  it  is  forked  at  the 
end.  It  gives  attachment  to  a  narrow  aponeurotic  band,  termed 
the  'linea  alba,'  which  descends  along  the  middle  line  of  the 
abdomen  to  the  symphysis  pubis,  and  is  the  answerable  part  of  the 
sternum. 

The  anterior  surface  of  the  sternum  gives  origin  to  the  '  sterno- 
mastoid'  and  the  'pectoralis  major.'  The  posterior  smface  gives 
origin  to  the  '  sterno-hyoid '  and  '  sterno-thyroid '  and  to  the '  trian- 
gularis sterni.'  The  posterior  surface  of  the  ensiform  cartilage 
gives  origin  to  the  '  diaphragm.' 

OssmcATxoN  OF  Until  the  middle  of  foetal  life,  the  sternum  is  all 
THESTEBmiM.  Cartilage.  It  is  ossified  from  five  centres,*  not 
simultaneously,  but  successively  from  above  downwards,  opposite 
the  intercostal  spaces.  The  five  bones,  thus  formed,  ultimately 
coalesce,  the  lower  first,  and  so  on  upwards — the  reverse  of  the 
order  in  which  they  were  ossified.  Thus  the  fifth  unites  to  the 
fourth  about  puberty;  the  fom-th  to  the  third  about  the  age  of 
twenty  or  twenty-five ;  the  third  to  the  second  about  thirty-five 
or  forty ;  the  second  rarely  unites  to  the  first,  or,  if  so,  only  in 
advanced  age ;  and  even  then  there  is  only  a  thin  layer  of  bone 
externally ;  the  cartilage  in  the  centre  still  remains.  The  reason 
why  the  union  between  the  first  and  second  bones  of  the  sternum 
remains  cartilaginous  is  to  permit  a  certain  amount  of  motion 
which  facilitates  respiration.    In  some  subjects  the  line  of  junc- 

*  Exceptions  to  this  rule  are  frequent.  There  mny  be  two,  three,  or  more  centres 
for  the  first  bone ;  and,  instead  of  a  single  centre,  any  of  the  other  pieces  may  hare 
two,  placed  side  by  side.  The  sternum  is  formed  in  cartilage  along  the  line  where 
the  'ventral  laminae'  of  early  embryonic  life  unite.  Partial  failure  of  this  union 
accounts  for  the  longitudinal  cleft  occasionally  seen  in  the  body  of  the  human 
sternum;  and  the  appearance  of  symmetrical  points  of  ossification  is  explained  in 
the  same  manner. 
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tion  is  very  perceptible  through  the  skin,  more  especially  in  per- 
sons emaciated  by  disease.  It  corresponds  with  the  centre  of  the 
second  rib. 


THE  EIBS. 
(Plate  XLVII.) 

There  are  twelve  ribs  on  each  side ;  the  upper 

ISOIBEH  AND  j-iAx^i. 

Dinsiox.  seven,  the  'sternal,'  or  'true  ribs,  increase  m 

length  from  the  first,  and  are  fixed  to  the  sternum  by  their  carti- 
lages. The  lower  five,  or  '  false  ribs,'  decrease  in  length  from 
above  downwards,  and  their  cartilages  fall  short  of  the  sternum. 
The  cartilages  of  the  eighth,  ninth,  and  tenth  ribs  are  connected  to 
that  of  the°seventh.  The  eleventh  and  twelfth  are  free,  and  are 
therefore  called  'floating'  ribs.  One  sometimes,  though  rarely, 
meets  with  skeletons  with  thirteen  ribs,  the  thirteenth  being  a 
lumbar  rib.  This  is  a  degradation.  The  chimpanzee  has  thirteen 
ribs,  but  the  same  number  of  vertebrae  as  man. 

Gesebal  Cha-  an  example  of  the  general  characters  of  a 

EACTEES  OF  A  EiB.  rib,  take  the  fifth  or  sixth.  In  the  first  place, 
observe  that  the  curve  is  not  uniform.  It  is  more  curved  towards 
the  vertebral  end  than  elsewhere.  Besides  which,  if  laid  on  a 
table,  the  vertebral  end  will  rise.  It  is  plain  in  the  skeleton  that 
the  vertebral  ends  of  the  ribs  are  higher  than  the  sternal  ends. 
If  both  ends  had  been  on  the  same  level,  the  sternum  could  not 
have  been  raised  forwards  in  inspiration. 

Vbetebkal  vertebral  end  or  'head'  (Plate  XLVII. 

ExD^K  Head.  fig.  3)  has  two  oblique  surfaces  (with  an  interve- 
ning ridge,  to  which  the  interarticular  ligament  is  attached),  which 
articulate  with  the  sides  of  the  bodies  of  two  contiguous  vertebra. 
The  lower  of  these  two  surfaces  is  always  the  larger.  The  head  of 
the  rib  is  the  fulcrum  upon  which  the  rib  moves,  and  is  wedged 
in  Ijetween  two  vertebra,  because  it  is  less  liable  to  be  dislocated 
than  if  supported  by  a  single  one ;  and  moreover  it  has  the  benefit 
f.f  the  elasticity  of  the  intervening  fibro-cartilage.    This,  as  Paley 
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observes,  is  '  the  very  contrivance  employed  in  the  famous  iron 
bridge  at  Bishop's  Wearmouth.' 

Next  to  the  head  comes  the  '  neck '  of  the  rib. 

Neck. 

This  is  smooth  in  front,  where  it  is  covered  by 
pleura,  but  rough  behind  for  the  attachment  of  a  ligament  (middle 

costo-trans verse),  which  connects  it 
to  the  transverse  process  by  which 
the  rib  is  supported,  as  seen  in  the 
adjoining  cut ;  again,  the  neck  has 
a  ridge  along  its  upper  surface  for 
the  attachment  of  a  second  ligament 
(superior  costo  -  transverse  ),  which 
DOESAL  VEKTBBEA  WITH  BIBS      connccts  It  to  the  transvorso  process 

ATTACHED.  7  .  . 

above  it. 

External  to  the  neck  is  the  '  tubercle.'  It  has 
a  little  facet  which  looks  downwards  and  articu- 
lates with  the  transverse  process  supporting  the  rib;  in  front 
and  rather  above  the  facet  is  the  rougher  part  of  the  tubercle 
which  gives  attachment  to  a  third  ligament  connecting  the  rib  to 
the  transverse  process  (posterior  costo-transverse). 

External  to  the  tubercle,  the  rib  makes  a  cm-ve 
forwards,  forming  the  '  angle.'  Here  there  is  a 
prominent  line  which  runs  obliquely  downwards  and  forwards,  and 
indicates  the  attachment  of  muscles,  which  form  the  outer  border 
of  the  '  erector  spinae.'  Observe  that  the  distance  between  the 
angle  and  the  tubercle  increases  as  we  trace  the  ribs  downwards, 
in  order  to  make  room  for  the  great  muscle  of  the  spine  (erector 
spinae).  The  angle,  for  obvious  reasons,  is  the  strongest  part  of 
the  rib.  It  is  at  the  angle,  or  near  it,  that  the  rib  breaks  when 
the  chest  is  compressed,  for  instance,  in  a  crowd.  In  this  kind  of 
fracture — i.e.  by  indirect  violence— the  broken  ends  project  out- 
wards, and  are  therefore  less  liable  to  injure  the  plem-a.  I  liave 
seen  eight  ribs  broken,  from  the  second  inclusive  to  the  ninth,  as 
the  result  of  a  squeeze  ;  all  reunited  by  bone,  without  injury  to 
the  pleura.  But  in  ddrect  violence— e.g.  a  kick  by  a  horse— the 
rib  breaks  where  it  is  struck,  the  broken  ends  are  driven  inwards, 
and  consequently  are  more  liable  to  injure  the  pleura. 
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The  lest  of  the  rib  arching  forwards  from  the 
BodyobShapt.    ^^^^^  ^^^^^         g.^g       ^j^g  ^l^gg^      called  the 

'  body '  or  '  shaft.'  It  is  flattened  from  above  downwards,  like  a 
bow.  On  its  inner  sm-face,  near  the  lower  border,  is  a  deep 
groove  for  the  intercostal  vessels  and  nerve.  Observe  the  groove 
does  not  extend  all  along  the  rib  :  it  begins  about  the  angle,  and 
is  gradually  lost  before  we  come  to  the  anterior  end.  The  vessels 
and  nerve  are  safe  where  they  lie  in  the  groove;  but  between  the 
angle  of  the  rib  and  the  spine,  and  again  in  front  of  the  chest, 
they  are  liable  to  be  injured  through  the  intercostal  spaces.  In 
consequence  of  this  groove,  the  lower  end  of  the  rib  is  much  thin- 
ner than  the  upper,  which  is  thick  and  rounded.  In  the  groove 
itself  notice  the  orifices  of  the  numerous  canals  which  transmit 
blood-vessels  into  the  interior  of  the  rib.  The  ribs  are  the  most 
vascular  bones  in  the  body  :  hence  the  rapidity  with  which  they 
unite  after  a  fracture. 

Eespecting  the  anterior  end,  remark  that  it 
AsTEBioE  Enu.        rough,  and  a  little  excavated  to  receive  the 

costal  cartilage. 

Pv^T.PTTTRs         The  first,  second,  tenth,  eleventh,  and  twelfth 
OF  THE  FiBST  Rib.    ribs  have  peculiarities  requiring  separate  notice. 

The  plane  of  the  first  rib  is  nearly  horizontal.  It  is  the  short- 
est, the  most  curved,  the  flattest  and  broadest  of  all.  Its  head 
has  a  single  articular  surface  which  rests  on  the  first  dorsal  ver- 
tebra. It  has  the  largest  tubercle,  and  this  is  well  supported  by 
the  strong  transverse  process  of  the  first  dorsal  vertebra.  There 
is  scarcely  a  trace  of  angle.  On  its  upper  surface  we  may  see  in  a 
well-marked  bone  two  slight  transverse  grooves  about  the  breadth 
of  a  finger ;  the  subclavian  artery  lies  in  the  posterior  gi'oove  as  it 
crosses  the  rib,  the  vein  passes  along  the  anterior.  Against  this 
surface  the  suljclavian  artery  may  be  effectually  compressed.  The 
grooves  are  separated  on  the  inner  border  of  the  rib  by  a  '  tubercle ' 
denoting  the  in.sertion  of  the  '  scalenus  anticus.'  Behind  this  is 
the  rough  surface  for  the  inseition  of  the  scalenus  medius.  Lastly, 
there  is  no  groove  for  the  intercostal  artery. 

If  you  have  any  difficulty  in  distingiushing  to 
Right  ob  Lbft?  gj^jg       flj.gt  rib  belongH,  hold  it  so  that  the 
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'facet'  for  the  transverse  process  looks  downwards.    This  rule 

holds  good  when  applied  to  all  the  ribs. 

It  is  an  interesting  fact,  that  the  compact  tissue  forming  the 

concave  margin  of  the  first  rib  is  very  much  thicker  than  that  on 

the  convex  side.    The  first  rib  is  the  strongest  of  all :  it  has  to 

support  the  manubrium  sterni  and  the  clavicles,  and  to  protect  all 

the  important  parts  at  the  base  of  the  neck.    Fracture  of  the 

first  rib  is  a  very  rare  accident ;  but,  when  it  does  happen,  a  most 

serious  one,  because  it  is  the  starting  point  of  all  the  other  ribs 

in  respiration,  and  because  there  are  so  many  important  vessels 

and  nerves  in  relation  with  it. 

The  second  rib  has  little  or  no  angle,  no  twist 
Second  Eib.  .  .  •  ■,  ^^      ^  • 

on  its  axis,  and  has,  near  the  middle  of  its  outer 

surface,  a  rough  eminence  for  the  origin  of  the  second  and  third 

digitations  of  the  serratus  magnus.    It  has  a  short  groove  for  the 

intercostal  artery. 

The  tenth  rib  has  a  single  '  facet '  on  the  head. 

Tenth  "Rib 

for  the  tenth  dorsal  vertebra. 

Eleventh  and  The  eleventh  and  twelfth  ribs  being  shorter  and 
TwELiTH  EiBs.  less  perfectly  developed,  are  chiefly  distinguished 
by  their  negative  characters.  They  articulate  with  only  one  ver- 
tebra, so  that  their  heads  have  only  one  facet,  do  not  touch  the 
transverse  processes,  and  have  no  tubercle.  Each  is  tipped  with 
cartilage.  The  eleventh  has  a  trace  of  an  angle  and  a  groove.  In 
the  twelfth,  angle  and  groove  are  imperceptible. 

Ossification  begins  about  the  seventh  week  in 

Ossification.  ^.^^      protect  the  heart  and  lungs.    There  is 

one  '  primary '  centre  for  the  body,  an  epiphysis  for  the  head,  and 
another  for  the  tubercle.  These  epiphyses  appear  from  the  fif- 
teenth to  the  eighteenth  year,  and  unite  with  the  rest  of  the  bone 
about  the  age  of  twenty-five. 

Costal  Eespecting  the  costal  cartilages,  remember  that 

Cartilages.  the  first  seven  are  connected  with  the  sternum. 

The  first  cartilage  is  united  directly  with  the  manubrium.  The 
others,  from  the  second  to  the  seventh  inclusive,  are  articulated 
to  the  sternum  with  the  intervention  of  synovial  membranes  which 
disappear  in  old  age.  The  cartilages  of  tlie  eighth,  ninth,  and 
tenth  ribs  are  gradually  bevelled  off  and  each  joins  the  costal  carti- 
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lage  immediately  above  it.  Moreover,  synovial  membranes  exist 
between  these  last-mentioned  ribs.  The  last  two  costal  cartilages 
do  not  join  those  above,  but  merely  cap  the  eleventh  and  twelfth 
ribs.  These  numerous  little  articulations,  connected  with  the 
cartilages,  much  facilitate  the  respiratory  movements  of  the 
thorax. 

Observe  that  the  costal  cartilages  increase  in  length  from 
above,  to  allow  the  requisite  play  of  the  ribs  in  respiration.  Their 
great  elasticity  answers  a  double  purpose.  1.  They  act  as  mecha- 
nical agents  of  expiration  by  depressing  the  ribs  after  they  have 
been  raised  by  muscular  action.  2.  They  enable  the  chest  to  bear 
great  blows  with  impunity.  A  blow  on  the  sternum  is  distributed 
over  fourteen  elastic  arches !  One  can  understand,  then,  why  the 
chest  is  able  to  bear  such  tremendous  blows  with  impunity ;  more 
especially  during  a  fall  inspiration.  During  expiration  the  bones 
are  less  able  to  resist  injury,  because  the  muscles  are  not  acting. 
Notwithstanding  these  beautiful  provisions,  the  sternum  is  some- 
times broken,  especially  when  the  cartilages  of  the  ribs  are  ossified. 
Dupuytren  mentions  the  case  of  a  fireman  whose  sternum  was 
broken  by  the  fall  of  a  piece  of  timber.  The  man  was  carried 
away,  supposed  to  be  dead.  Coming  up  accidentally,  Dupuytren 
replaced  the  sternum,  and  the  man  recovered. 

Thohax  as  a  In   addition  to  what  has  been  said  of  the 

'^'^^^  thorax  at  p.  228,  attention  should  be  directed 

to  one  or  two  points  which  might  otherwise  be  overlooked. 
1.  Notice  the  great  narrowness  of  the  upper  opening  of  the 
chest.  In  an  adult  of  average  size,  it  measures  about  2  inches 
from  before  backwards,  and  3^  inches  transversely.  Yet  in 
this  seemingly  narrow  space  there  is  room  for  the  trachsea,  the 
cesophagus,  the  great  bloodvessels  and  nerves  at  the  root  of 
the  neck,  besides  the  apex  of  the  lung,  and  three  muscles  on 
each  side.  2.  Notice  how  much  the  ribs  slope  in  subserviency 
to  the  mechanism  of  respiration.  Their  sternal  and  vertebral 
ends  are  not  in  the  same  Iiorizontal  plane;  for  instance,  the 
sternal  end  of  the  third  rib  is  not  on  a  level  with  the  third 
dorsal  vertebra,  but,  roughly  speaking,  with  the  sixth.  3.  Notice 
how  much  additional  space  is  gained  posteriorly  (for  the 
lungs)  by  the  backward  projection  of  tlio  ribs.    4.  Notice  lliat 
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the  lower  margin  of  the  thorax  is  represented  by  a  line  sloping 
from  the  end  of  the  .  sternum  downwards  and  backwards  to  the 
last  rib.  5.  Notice  that  the  intercostal  spaces  are  widest  where 
the  ribs  unite  to  their  cartilages ;  and  narrowest  where  the 
ribs  join  the  spine. 

It   is   proposed  to  explain  at  present  how 

Mechanissi  by  r    r  i  r  . 

WHICH  THE  Tho-    the  chest  is  enlarged  in  the  transverse  and  in 

EAx  IS  BNLABOB-D  ^jjg  autero-posterior  direction  by  the  elevation 
IN  Inspiration.  n  n  ^^ 

01  the  ribs. 

The  spine  is  iixed,  and  serves  as  a  fulcrum  for  the  ribs,  which 
are  the  levers. 

At  the  moment  of  inspiration,  the  ribs,  which  you  must 
remember  are  oblique,  are  raised  by  the  intercostal  muscles. 
The  centre  of  motion  being  at  the  spine,  it  is  plain  that  the 
more  nearly  the  ribs  become  horizontal,  the  greater  will  be  the 

distance  between  the  spine  and  the  sternum. 
Thus,  let  the  line  V  V,  in  fig.  74,  represent 
the  spine ;  the  line  S  S  the  sternum  ;  a,  b,  c, 
three  ribs  in  their  oblique  position ;  and 
a',  b',  c',  the  same  ribs  elevated.  It  is 
obvious  that  by  raising  the  ribs  we  increase 
at  the  same  time  the  antero-posterior  dia- 
meter of  the  chest;  or,  in  other  words, 
we  increase  the  distance  between  the 
spine  V  V  and  the  sternum  S  S. 

The  same  diagram  proves  that,  when 
the  ribs  are  raised,  the  intercostal  spaces 
are  widened  ;    that  is,  a  perpendicular 
let  fall  between  two  ribs  is  longer  when 
the  ribs  are  raised  than  when  they  are  de- 
ribs  rise,  they  describe  a  rotatory  movement 
around  an  imaginary  axis,  as  shown 
at  AB,  fig.  75,  which  unites  their 
vertebral  and   sternal    ends.  In 
consequence  of  this  rotation  on  its 
ends,  the  external  surface  of  the  rib, 
which   looks   downwards  and  out- 


pressed. 

Now,  when  the 


FiQ.  75. 
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wards  when  at  rest,  looks  directly  outwards  when  raised, 
the  transverse  diameter  of  the  chest  is  increased. 

If  the  ribs  were  all  of  the  same  length,  as  m  fig.  74,  the 
projection  of  the  sternum,  caused  by  their  elevation,  would  be  equal 
all  the  way  down.  But  since  the  lower  sternal  ribs  are  longer 
than  the  upper,  it  follows  that  the  sternum  is  projected  m 
inspiration  more  and  more  towards  its  lower  end. 

Next  come  the  questions,  how  are  the  ribs  raised,  and  how  are 
they  depressed?  They  are  raised  by  the  external  intercostal 
muscles  (which  run  obliquely  downwards  and  forwards);  they 
are  depressed  by  the  internal  intercostal  muscles  (which  run 
obliquely  upwards  and  forwards).  These  facts  are  rendered 
probable  (if  not  absolutely  proved)  by  the  following  diagram  :- 

Let  W  repre- 
sent the  spine,  1'  2' 

two  ribs  in  a  state 

of  obliquity  or  rest, 

and  a'  a  fibre  of  an 

external  intercostal 

muscle.    Now,  when 

the  fibre  a'  contracts, 

it  shortens  itself:  but 

this  shortening  cannot 

take  place  unless  the  4. 

ribs  are  at  the  same 

time   brought  more 

into   the  horizontal 

line,  as  shown  at  1 ,  2  ; 

in  other  words,  unless  they  are  raised;  therefore  the  external 
intercostal  muscles  are  inspiratory  muscles. 

The  same  kind  of  demonstration  proves  that  the  internal 
intercostal  muscles  depress  the  ribs,  and  are  therefore  expiratory 
muscles.  For  let  h  ha  a.  fibre  of  an  internal  intercostal  muscle 
extended  between  the  ribs  3  and  4  in  a  state  of  elevation,  it  is 
easy  to  see  that,  when  the  fibre  h  contracts  or  shortens  itself,  it 
cannot  do  so  without  bringing  the  ribs  into  a  more  oblique 
position,  as  shown  at  3'  and  4'.  That  the  fibre  b'  must  be  shorter 
than  the  fibre  b  may  be  proved  by  a  pair  of  compasses. 
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MUSCLES  OF  THE  BACK. 

(Plates  L.  to  LV.) 

In  the  description  of  the  muscles  of  the  back  we  propose  to 
take,  first,  the  more  superficial  muscles  connected  with  the  arm. 
These  removed,  we  bring  into  view  the  great  muscles  of  the  spine, 
which  fill  up  the  vertebral  grooves,  and  keep  the  body  erect. 
Lastly,  we  have  the  mass  of  muscles  at  the  back  of  the  neck  which 
are  attached  to  the  occipital  bone. 


THE    SUPEEFICIAL   MUSCLES    OE    THE  BACK. 


Trapezius.. 


These  are  shown  in  Plate  L.  The  most  superficial  is  the 
'  trapezius,'  a  triangTilar  muscle  of  which  the  limits  are  defined  by 
the  continuous  dark  line.  The  other  wide-spreadiug  superficial 
muscle  is  the  '  latissimus  dorsi.'  Under  the  trapezius  we  have 
the  '  rhomboideus '  and  the  '  levator  anguli  scapulae '  shown  in 
Plate  LII. 

0.  Occiput;  ligamentum  nuchas:  spines  of  all  the 
dorsal  vertebrae. 

1.  Spine  of  scapula;  acromion,  acromial  third  of 
clavicle. 

0.  Crest  of  the  ilium.  Spines  of  all  the  lumbar, 
and  six  lower  dorsal  vertebrae,  and  by  digita- 
tions  from  the  three  lower  ribs. 

1.  Bottom  of  bicipital  groove  of  humerus. 
■  0.  Spines  of  last  cervical  and  five  upper  dorsal 

vertebrse. 
I.  Posterior  border  of  scapula. 

0.  Transverse  processes  (posterior  tubercles)  of  four 
upper  cervical  vertebrae. 

1.  Upper  angle  of  scapula. 

When  the  preceding  muscles  are  removed,  we  have  still  to  take 
off  the  '  serratus  posticus  superior '  and  '  inferior.'  Understand, 
these  belong  neither  to  the  arm  nor  the  spine,  but  to  the  ribs. 


Latissimus  dorsi.. 


EhomboideuB  (major  and  minor) 


Levator  anguli  scapulsu.. 


PLA-TE-LTI. 


Drav/r  .■        ■  "  iyTGodart 
r.ature  b/LHolden  H-inted  by  V/.WVst&C? 
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MUSCLES  OF  THE  BACK. 


The  '  intertransversales '  pass  between  the  transverse  processes 
of  contiguous  vertebrae,  the  '  interspinales '  between  the  spinous 
processes  beginning  at  the  axis.  Both  these  sets  are  ill  developed 
and  mostly  tendinous  in  the  dorsal  region. 

The '  transverso-spinalis '  is  the  mass  which  fills  up  the  space 
between  the  transverse  and  spinous  processes  of  the  vertebrae.  It 
arises  from  transverse,  and  is  inserted  mto  spinous  processes. 
Therefore  its  direction  is  oblique.  It  is  composed  of  several 
bundles.  The  more  superficial  pass  over  many  vertebrae ;  the 
deeper,  over  one  or  two ;  the  deepest  run  from  vertebra  to  vertebra. 
The '  transverso-spinalis '  comprises  the '  semi-spinalis-dorsi,' '  semi- 
spinaUs  colli,'  '  multifidus  spinse,'  and  'rotatores  spinae'  of  sys- 
tematic authors. 

The  '  levatores  costarum '  arise  from  the  transverse  processes, 
and  are  inserted  into  the  ribs  below  them. 


MUSCLES    OF    THE    BACK    OF    THE  NECK. 

(PiATE  Lin.) 

A  separate  group  is  made  of  these,  because  they  are  specially 
intended  to  maintain  the  head  erect,  and  to  move  the  first  upon 
the  second  vertebra.  The  'trapezius'  being  reflected,  we  come 
upon  the  '  splenius,'  and  beneath  that  upon  the  '  complexus.' 

0  Spines  of  four  cervical  and  six  dorsal  vertebrse. 

Splenius  capitis  et  colli   L  Mastoid  process  and  occipital  bone  ;  transverse 

opiemuB    y  |        processes  of  three  upper  cervical  vertebrae. 

,  0.  Transverse  processes  of  six  dorsal  and  articular 
Complexus   .        processes  of  four  cervical  vertebrae. 

1 1.  Occipital  bone. 

The  above  muscles  being  reflected,  we  expose  the  muscles  of 
the  atlas  and  axis;  namely,  the  '  rectus  capitis  posticus  major  and 
'minor,'  'the  obliquus  superior'  and  'inferior'  and  the  rectus 
lateralis.' 


PLATE  LIU 


Drav/n  cm  Stone  iy  T.  Go  dart 
From  natoire  byLJlolden.  Ftizited  bvWWfjst  ?•'"•: 


PLATE  LIV. 


MUSCLES  IN  FRONT  OP  THE  SPINM. 
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Rectus  capitis  posticus  major.. 

Rectus  capitis  posticus  minor. 

Rectus  capitis  lateralis  

Obliquus  superior  

Obliquus  inferior    ..... 


0.  Spine  of  the  axis. 

1.  Occipital  bone. 

j  0.  Spine  of  the  atlas. 

I  I.  Occipital  bone. 

I  0.  Transverse  process  of  atlas. 

I  I.  Jugular  eminence  of  occipital  bone. 

0.  Transverse  process  of  atlas. 

1.  Occipital  bone. 

j  0.  Spine  of  the  axis. 

[  I.  Transverse  process  of  atlas. 


MUSCLES    IN    FRONT    OF    THE  SPINE. 
(Plates  LIV.,  LV.) 

There  are  three  pre-vertebral  muscles  in  the  cervical  region ; 
namely,  the  'rectus  capitis  anticus  major '  and  'minor,'  and  the 
'  longus  colli.'  In  the  lumbar  region  we  have  the  right  and  left 
crura  of  the  '  diaphragm,'  the  'psoas  magnus,'  and  occasionally  a 
'  psoas  parvus.' 

(  0.  Transverse  processes  of  third,  fourth,  fifth,  and 
Rectus  capitis  anticus  major. . .  ]        sixth  cervical  vertebrae. 

^  I.  Basilar  process. 

„  ....      „•  „      (  0.  Transverse  process  of  atlas. 

Rectus  capitis  anticus  minor. . .  ]  ^-  ^ 

\  I.  Basilar  process. 

The  '  longus  colli '  consists  of  a  longitudinal  and  an  oblique 
portion.  The  longitudinal  part  arises  from  the  bodies  of  the 
three  upper  dorsal  and  two  lower  cervical  vertebrae,  and  is  inserted 
into  the  bodies  of  the  second,  third,  and  fourth  cervical  vertebrae. 
The  oblique  part  arises  from  the  transverse  processes  of  the  third, 
fourth,  and  fifth  cervical  vertebrae,  and  is  inserted  into  the 
tubercle  of  the  atlas.  Other  oblique  fibres  arise  from  the  bodies  of 
the  three  upper  dorsal  vertebrae,  and  are  inserted  into  the  trans- 
verse process  of  the  fifth  cervical  vertebra. 

/  0.  Right  crus  from  four  lumbar  vertebrse,  left  from 

Diaphragm  

\  I.  Central  tendon. 

(  0.  Bodies  and  transverse  processes  of  all  the  lumbar 
Psoas  magnus   ]  vertobrse. 

\  I.  Trocluintor  minor. 

{  0.  Body  of  lust  dorsal  vertebra. 
^<^V^^'   1 1.  Brim  of  pelvis. 

B 
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OS  HYOIDES. 


OSHYOIDES. 
(Plate  LVI.) 

■  Position  and  The  OS  hyoides,  so  called  from  its  likeness  to 
Use.  the  Grreek  letter  Upsilon,  is  situated  between  the 

larynx  and  the  root  of  the  tongue.  It  is  suspended  from  the 
styloid  processes  of  the  temporal  bones  by  the  stylo-hyoid  liga- 
ments, often  partly  ossified  in  man,  and,  generally,  distinct  bones 
in  animals.  When  the  neck  is  in  its  natural  position,  it  can  be 
plainly  felt  on  a  level  with  the  lower  jaw,  and  about  one  inch 
and  a  half  behind  it:  It  serves  to  keep  open  the  top  of  the 
larynx,  and  affords  attachment  to  the  muscles  which  move  the 
tongue. 

It  is  divided,  for  the  sake  of  description,  into  a  '  body '  or  front 
part,  and  a  '  greater '  and  a  '  lesser  cornu '  on  each  side. 

The  '  body  '  (basi-hyal  part),  is  the  thickest  and 
strongest  part.  Its  upper  sm-face  is  marked  by 
the  impressions  of  the  muscles  attached  to  it.  There  is,  generally, 
a  transverse  and  a  perpendicular  ridge  :  the  latter  is  in  the  median 
line.  Often  there  is  a  little  projection  from  the  middle,  which 
is  interesting  as  a  rudiment  of  the  process  to  which  is  attached 
the  lingual  bone  of  animals,  which  runs  into  the  substance  of 
the  tongue.  Its  under  surface  is  slightly  excavated,  as  seen  in 
fig.  2,  which  shows  a  transverse  section  through  the  centre  of 
the  body.  Observe,  this  hollow  is  not  for  the  attachment  of 
muscles,  but  for  the  purpose  of  making  room  for  the  thyi-oid 
cartilage  to  rise  behind  the  os  hyoides  in  deglutition.  It  is  a 
rudiment  of  the  great  cavity  which  forms  the  drum  in  the  hyoid 
bone  of  the  howling  monkeys  (Mycetes).  Observe,  moreover, 
that  the  plane  of  the  body  is  nearly  horizontal,  and  that 
the  thyro-hyoid  ligament  is  attached  to  its  posteHor  border. 

The  greater  cornu   ('thyro-hyal'  part)  pro- 

-OBNUA.  ^^^^^  backwards  about  one  inch  and  a  half,  not 

quite  horizontally,  but  with  a  slight  inclination  upwards,  and 
terminates  in  a  blunt  end,  tipped  with  cartilage.    Until  the 
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middle  period  of  life,  the  great  cornu  is  united  to  the  body 
by  curtilage  ;  but  this  ossifies  in  the  progi-ess  of  age. 

The  lesser  cornu  ('  cerato-hyal '  part)  is  not  much  larger  than 
a  barleycorn,  and  projects  backwards  at  an  acute  angle  from 
the  junction  of  the  body  and  the  greater  cornu.  It  articulates 
with  the  body  by  a  little  joint,  and  is  freely  movable  :  the  stylo- 
hyoid ligament  is  attached  to  the  end  of  it. 

The  many  muscles  attached  to  the  hyoid  bone  are  shown  in  the 
plate. 

The  03  hyoides  is  connected  to  the  thyroid  cartilage  by  three 
ligaments,  which  contain  a  large  quantity  of  elastic  tissue.  These 
ligaments  are: — 1.  The  antenor  thyro-hyoid  (Plate  LVII.  fig.  1), 
which  proceeds  from  the  '  pomum  Adami '  to  the  upper  part  of 
the  body  of  the  os  hyoides.  2.  The  two  'posterior  thyro-hyoid, 
which  extend,  one  on  each  side,  from  the  end  of  the  great  cornu  of 
the  OS  hyoides  to  the  superior  cornu  of  the  thyroid  cartilage.  The 
vacant  space  left  in  the  dried  preparation  between  the  hyoid  bone 
and  the  thyroid  cartilage  is  closed  in  the  recent  state  by  the  thyro- 
hyoid membrane. 

The  bone  is  ossified  from  five  centres — one  for 

0  ssmc ATIO  N  ■ 

the  body,  and  one  for  each  of  its  four  cornua. 
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GENERAL  SURVEY  OF  THE  SKELETON. 


'  THE  Skeleton  to 

THB  EBECT  POSI- 
TION. 


Position  of  Eo- 
EAMEN  Maontoi 
AND  Condyles. 


A  GENERAL  survey  of  the  human  skeleton,  shows  how  admirably 
it  is  adapted  to  the  erect  attitude. 
Adaptation  of  1 .  When  a  man  stands  erect,  an  imaginary 
vertical  plane  (ah)  supposed  to  fall  through  the 
top  of  the  head,  would  pass  through  the  occipito- 
atlantoid,  lumbo-sacral,  sacro-iliac,  hip,  knee,  and  ankle-joints ; 
iu  a  word,  through  all  the  joints  which  transmit  the  weight  to  the 
Fig  77  ground.  This  explains  why  a  man  can  carry  a  weight 
on  the  top  of  his  head  easier  than  in  any  other  way. 

2.  The  foramen  magnum  and  the 
condyles  of  the  occiput  are  nearly 
horizontal  (when  the  head  is  held 
upright),  and  they  are  advanced  almost  to  the 
middle  of  the  base  of  the  skull,  so  that  the  head 
may  be  nicely  balanced  on  the  cups  of  the  atlas. 
True,  there  is  a  slight  tendency  in  the  head  to  drop 
forward,  but  this   is   compensated  by  the  great 
strength  of  the  muscles  which  keep  the  head  erect. 
Contrast  the  position  of  the  condyles  in  the  human 
skull  with  that  of  the  ourang-utan,  in  which  the 
condyles  are  not  only  placed  nearer  to  the  back  of 
the  head,  but  obliquely,  so  as  to  make  an  angle  of 
40°  with  the  horizon.    The  lower  we  go  in  the 
M  scale,  the  greater  is  the  contrast.    In  the  horse, 

-^P:^       for   instance,   the    plane   of   the   condyles  and 
^  foramen  magnum  is  vertical.     In  this,  and  all 

other  herbivorous  quadrupeds,  the  weight  of  the  head  is  sus- 
tained, not  by  muscular  power,  but  by  an  enormously  strong 
and  elastic  ligament  (ligamentum  nuchas,  or  pack-ivax),  which 
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extends  from  the  lofty  spines  (withers)  of  the  dorsal  vertebrse  to 

the  crest  of  the  occiput. 

3.  The  face  is  placed  perpendicularly  under 
TUB  Fack.  the  cranium,  so  that  the  plane  of  the  face  and 

forehead  correspond,  and  this  characteristic  of  the  'human  face 
divine 'is  the  form  best  adapted  for  the  erect  attitude.  If  man 
went  on  all  fours,  he  would  habitually  see  and  smell  nothing  but 
the  ground.  As  it  is,  the  direction  of  the  orbits  is  horizontal,  and 
therefore  gives  the  greatest  range  of  vision  ;  and  the  direction  of 
the  nose  gives  the  gi-eatest  range  of  smell.  We  are  all  reminded 
here  of  the  beautiful  lines — 

'  Pronaqiie  dum  spectent  animalia  caetera  terram, 
Os  homini  sublime  dedit,  ccelumque  tueri 
Jussit,  et  erectos  ad  sidera  toilers  nilttis.' 

Ovid,  Mctam.  I.  84-86. 

Breadth  OF  4-  The  thorax  is  much  broader  in  the  traus- 

THE  Thorax.  verse  than  in  the  antero-posterior  diameter,  which 
is  peculiar  to  man  and  the  highest  species  of  ape.  This  great 
breadth  of  the  chest  throws  the  arms  farther  apart,  and  gives  them 
a  more  extensive  range ;  besides  which,  it  diminishes  the  tendency 
there  would  otherwise  be  in  the  trunk  to  fall  forwards.  Contrast 
this  with  the  chest  of  quadrupeds,  compressed  laterally,  and  deep 
from  sternum  to  spine,  that  the  fore  legs  may  come  nearer 
together,  and  fall  perpendicularly  under  the  trunk. 

Curves  of  the        5.  The  vertebral  column  gi'adually  increases  in 
Spike.  size  towards  the  base.    It  is  curved,  which  makes 

it  all  the  stronger,  and  better  adapted  to  break  and  diffuse  shocks : 
and  these  curves  wave  alternately,  so  as  to  distribute  the  weight 
advantageously  with  regard  to  the  line  of  gravity.  This  line 
passes  through  all  the  curves,  and  falls  exactly  on  the  centre  of 
the  base.  Observe,  moreover,  the  length  and  size  of  the  spinous 
processes  in  the  lumbar  region  for  the  origin  of  the  '  erector- 
spinse.' 

6.  The  weight  of  the  vertebral  column  is  sup- 

ShAPK  AMD  o  .  .  ! 

l.Tci-i.-TATiov  OF  ported  on  a  sacrum  broader  in  proportion  than  in 
THE  Pelvis.  g^^y  Q^i^er  animal.    Tlie  iliac  bones  are  widely 

expanded  and  concave  internally,  to  support  the  viscera  and  give 
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powerful  leverage  to  the  muscles  which  balance  the  trunk.  The 
whole  pelvis  is  remarkably  broad,  to  widen  the  base  of  support ; 
and  the  plane  of  its  arch  inclines  so  as  to  transmit  the  weight  from 
the  sacrum  (or  crown  of  the  arch)  vertically  on  to  the  heads  of  the 
thigh  bones :  lastly,  the  deepest  and  strongest  part  of  the  socket 
for  the  thigh  bone  is  in  the  line  of  weight:  consequently,  the  joint 
is  never  more  secure  than  in  the  erect  position. 

With  the  broad  and  capacious  pelvis  of  man.  contrast  the  long 
and  narrow  pelvis  of  animals,  which,  instead  of  forming  an  angle 
with  the  spine,  is  almost  in  the  same  line  with  it. 

7.  In  proportion  to  the  trunk,  the  lower  limbs 
Lower  Limbs.         „  ,  j  i       •  J_^  t 

of  man  are  longer  than  m  any  other  mammal,  tne 

kangaroo  not  excepted.  Their  great  length  prevents  their  being 
adapted  for  locomotion  in  any  but  the  erect  attitude.  The  femur 
has  a  long  neck,  set  on  to  the  shaft  at  a  very  open  angle,  so  that 
the  base  of  support  is  rendered  still  wider.  The  long  shaft  of  the 
femur  inclines  inwards,  to  bring  the  weight  well  under  the  pelvis, 
which  is  obviously  of  great  advantage  in  progression :  and  when 
the  leg  is  extended,  the  femur  can  be  brought  into  the  same  line 
with  the  tibia :  thus  the  weight  is  transmitted  vertically  on  to  the 
horizontal  plane  of  the  knee-joint,  and  the  articular  surfaces  of  the 
bones  are  expanded  to  give  adequate  extent  of  support. 

Contrast  our  long  lower  limbs  with  the  short  and  bowed  legs 
of  the  gorilla,  chimpanzee,  and  oiu-ang-utan. .  Watch  attentively 
one  of  these  three  apes  (the  highest  of  the  mammalia  below  man) 
in  the  act  of  walking ;  you  will  find  that  he  supports  himself 
alternately  on  the  right  and  left  knuckles  as  well  as  on  his  feet. 

8.  The  foot  of  man  is  broader,  stronger,  and 
larger  in  proportion  to  the  size  of  the  body  than 

in  any  other  animal ;  so  that  man  can  stand  on  one  leg,  which  no 
other  mammal  can  do.  Its  strong  component  bones  form  a  double 
arch  of  exceeding  elasticity,  which  touches  the  ground  at  both 
ends,  and  receives  the  superincumbent  weight  vertically  on  its 
'  crown.'  The  great  bulk  and  backward  prolongation  of  the  os 
calcis  at  right  angles  to  the  tibia  support  tlae  arch  behind,  and 
form  a  powerful  lever  for  the  great  muscles  of  the  calf,  which 
raise  the  body  in  progression,  and  the  bones  of  the  great  toe  are 
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proportionably  strong,  to  form  the  chief  support  upon  which  the 
body  may  be  raised. 

Uppkh  Limbs  ^-  We  see,  then,  that  the  whole  fabric  of  the 

Ha-xds.  skeleton  is  adjusted  so  as  to  exempt  the  upper 

limbs  from  taking  any  part  in  its  support.  These  are  kept  wide 
apart  by  the  clavicles,  and  their  component  joints  admit  of  the 
freest  range  of  motion.  The  twenty-seven  bones  at  the  extremity 
of  each  constitute  those  instruments  of  consummate  perfection, 
the  '  HAi^ns,'  of  which,  even  if  a  formal  dissertation*  had  not  been 
written,  one  might  well  forbear  to  speak,  since  they  have  such 
eloquence  of  their  own.  '  Nam  caeter^  pai'tes  loquentem  adjuvant, 
hse,  prope  est  nt  dicam,  ipsse  loquuntur  :  his  poscimus,  poUicemur, 
vocamus,  dimittimus,  minamur,  supplicamus,  abominamur,  time- 
mus;  gaudium,  tristitiam,  dubitationem,  confessionem,  poeniten- 
tiam,  modum,  copiam,  numerum,  tempus,  ostendimus.'  f 

*  See  BeU's  Bridgewater  Treatise,  '  The  Hand.' 
f  Quintilian. 
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THE  LARYNX. 

(Plate  LVII.) 

Situation  and  The  LAEiNX  is  situated  at  the  top  of  the  trachsea  or 
Use.  windpipe.  It  answers  a  double  purpose.  It  guards 

the  opening  through  which  the  air  passes  into  the  lungs :  it  is  the 
organ  of  the  voice  and  of  song.  Its  framework,  which  we  now 
propose  to  examine,  consists  of  a  number  of  cartilages  connected  by 
joints  and  elastic  ligaments  in  such  a  way  that  they  can  be  moved 
upon  each  other  by  appropriate  muscles ;  the  object  of  this  motion 
being  to  act  upon  two  elastic  ligaments  termed  the  '  vocal  cords,' 
upon  which  the  voice  essentially  depends. 

The  chief  cartilages  are  named,  respectivelv. 

Number  and  °  '        r  ji 

Najoss  of  the  the  thyroid,  the  cricoid,  the  two  arytenoid,  and 
Cartilages.  ^jj^g  epiglottis.    Besides  these,  there  are  four  very 

little  and  much  less  important  cartilages,  namely,  the  two  '  corm- 
cula '  and  the  two  '  cuneiform '  cartilages.  In  all,  then,  there 
are  nine. 

Of  these  nine,  four,  namely,  the  thyroid,  cricoid,  and  two  aryte- 
noid, are  composed  of  hyaline  cartilage,  and  are  prone  to  ossify  in 
old  age.  The  remaining  five  are  made  iip  of  yellow  elastic  fibro- 
cartilage,  and  have  little  tendency  to  ossify. 

Thtboid  T'^®  thyroid  cartilage  is  so  named  because  it 

Cartilage.  shields  the  fine  apparatus  behind  it.*  It  consists  of 

two  lateral  symmetrical  plates  (alee),  united  in  front  at  an  angle 
which  forms  the  prominence  termed  '  pomum  Adami.'  This  pro- 
minence, which  is  greater  in  the  male  than  in  the  female,  has  a 
'  notch,'  at  the  upper  part,  as  if  a  portion  of  the  angle  had  been 
sliced  off:  the  object  of  this  is  to  permit  the  cartilage  to  rise  with 
greater  facility  behind  the  os  hyoides  in  deglutition.    The  body 

*  eupe6s,  a  shield. 


PL/LTE  LVI. 


Vertical  section  of  os  -hyoides. 


Lit. 

rrom  nature  byL.Hcld'^r. 
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of  the  OS  hyoides  is  excavated  for  this  express  purpose  (p.  242). 
More  than  this,  there  is  a  bursa  of  considerable  size  to  prevent 
friction  between  the  surfaces.  The  bursa  is  practically  interesting, 
because  it  may  enlarge  and  form  a  cyst  in  front  of  the  neck.  I 
have  seen  it  as  large  as  a  pigeon's  egg. 

Outer  Surface  I^ook  at  the  outer  surface  of  the  ala  of  the 
axbKtdgb.  thyroid  cartilage  (i3g.  1).   Observe  that  it  has  an 

oblique  ridge,  running  downwards  and  forwards,  with  tubercles  at 
each  end,  indicative  of  the  attachments  of  muscles.  The  ridge 
gives  origin  to  the  thyi-o-hyoid  and  insertion  to  the  sterno-thyroid 
muscles.  Behind  the  ridge  is  the  origin  of  the  inferior  constrictor 
of  the  pharynx,  which  we  trace  down  to  the  side  of  the  cricoid 
cartilage.  The  posterior  border  of  the  ala  is  nearly  vertical,  and 
gives  insertion  to  the  stylo-pharyngeus.  The  inferior  border  of 
the  ala  has  generally  two  curves,  and  gives  insertion  to  the  '  crico- 
thyroid '  muscle.  This  muscle,  observe,  arises  from  the  side  of  the 
cricoid  cartilage;  consequently,  when  it  acts,  it  draws  the  two 
cartilages  together. 

The  posterior  part  of  each  ala  has  two  pro- 
jections,  termed  its  '  comua '  superior  and  inferior. 
The  superior  cornu  gives  attachment  to  the  posterior  tbyro-hyoid 
ligament.  The  inferior  cornu  articulates  with  the  cricoid  cartilage. 
This  is  a  perfect  joint,  provided  with  a  synovial  membrane  and 
ligaments.  It  is  important  to  remember  that  the  form  of  the 
joint  admits  of  only  vertical  movement  of  the  thyroid  cartilage, 
the  axis  of  motion  being  a  transverse  line  drawn  through  both 
joints.  We  shall  presently  see  that  upon  this  movement  depends 
the  tuning  of  the  vocal  cords. 

Anoij?  Pabt3  So  much  for  the  outside  of  the  thyroid  cartilage. 
coxsTECTED  TO  IT.  Now  for  the  parts  attached  within  the  angle.  To 
see  them  properly,  one  of  the  alse  should  be  removed,  as  in  fig.  2. 
You  then  observe  that  the  following  objects  are  attached  to  the 
angle  beginning  at  the  top :  1,  the  anterior  thyro-hyoid  ligament ; 
2,  below  this,  the  apex  of  the  epiglottis  ;  3,  lower  down,  the  false 
vocal  cords ;  4,  still  lower,  the  true  vocal  cords ;  5,  below  these, 
the  origin  of  the  *  thyro-arytenoideus ' ;  lastly,  at  the  lower  border 
of  the  angle,  is  the  attachment  of  the  '  crico-thyroid '  ligament. 
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Cbicoid  "^^6  cricoid  cartilage  (Plate  LVII.)  forms  a 

Caetilagb.  complete  ring  (whence  its  name),  a  little  broader 

in  the  antero-posterior  diameter  than  in  the  transverse.  It  is 
situated  at  the  top  of  the  trachsea,  immediately  below  the  thyi'oid 
cartilage.  The  ring  is  not  of  the  same  depth  all  round.  Observe 
that  it  is  narrow  in  front,  and  that  from  this  part  the  upper  border 
of  the  ring  gi'adually  rises,  so  that,  behind,  the  ring  is  a  full  inch 
in  vertical  depth,  and  occupies  part  of  the  interval  between  the 
alae  of  the  thyroid.  This  slope  of  the  cricoid  towards  the  front  is 
to  permit  the  vertical  play  of  the  thyroid.  The  interval  between 
the  two  cartilages  can  be  plainly  felt  in  the  middle  line  of  the 
neck ;  and  in  the  adult  it  is  about  half  an  inch  in  depth.  It  is 
occupied  by  the  crico-thyroid  ligament,  which  connects  the  two 
cartilages.  All  that  concerns  this  interval  is  practically  interest- 
ing, because  it  is  here  that  we  perform  laryngotomy.  This  ope- 
ration consists  in  dividing  the  crico-thyi'oid  ligament  transversely 
close  to  the  cricoid  cartilage,  that  the  incision  may  be  as  distant 
as  possible  from  the  vocal  cords. 

Passing  from  the  front  towards  the  side  of  the  cricoid  cartilage, 
notice  the  origin  of  three  muscles,  namely — the  '  crico-aryte- 
noideus  lateralis '  along  the  upper  edge  (fig.  2)  ;  the  '  crico-thyroid  ' 
in  the  middle  (fig.  1) ;  and,  lower  down,  a  portion  of  the  '  inferior 
constrictor  of  the  pharynx,' 

At  the  back  part  of  the  cricoid  cartilage  (fig.  3)  there  is  on 
either  side  a  broad  excavation  for  the  origin  of  the  '  crico-aryte- 
noideus  posticus.'  Generally  these  muscles  are  separated  by  a 
slight  vertical  crest.  At  the  top  of  the  cricoid  are  the  two  small 
oval  articular  surfaces,  one  on  each  side,  for  the  arytenoid  carti- 
lages, which  we  shall  examine  presently. 

The  side  of  the  cricoid  articulates  with  the  inferior  cornu  of  the 
thyroid  cartilage  by  means  of  a  perfect  joint,  provided  with  a 
synovial  membrane  and  ligaments.  The  structure  of  this  joint 
permits  the  two  cartilages  to  move  upon  each  other,  so  that  their 
opposite  borders  can  be  approximated  by  the  '  crico-thyroid ' 
muscle.  It  deserves  especial  attention,  because  the  degree  of  this 
approximation  regulates  the  tension  of  the  vocal  cords. 
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Lastly,  the  lower  border  of  the  cricoid  is  horizontal,  and  con- 
nected to  the  first  ring  of  the  trachsea  by  an  elastic  membrane. 
•  Arttekoid  The  arytenoid  cartilages,  so  named  from  their 

Cartilages  AND  resemblance  to  an  ancient  ewer  {apvraiva),  are 
lI^SJiSi^  situated,  one  on  each  side,  at  the  upper  part  of 

the  cricoid  (fig.  3).  Each  is  somewhat  pyramidal  in  form,  with 
the  apex  above,  looking  towards  its  fellow,  and  slightly  curved 
backwards.  The  apex  of  each  is  surmounted  by  a  nodule  of  car- 
tilage, termed  the  '  cartilage  of  Santorini '  ('  corniculum  laryngis'). 
The  base  presents  an  oval  concave  surface,  which  forms  a  perfect 
joint,  with  a  corresponding  convex  surface  on  the  cricoid  cartilage. 
This  joint  has  a  loose  synovial  membrane  and  ligaments,  so  that 
the  arytenoid  cartilages  admit  of  being  approximated  or  separated, 
a  freedom  of  motion  which  is  essential  to  the  dilatation  and  contrac- 
tion of  the  glottis  or  chink  between  the  true  vocal  cords  through 
which  the  air  enters  the  trachaea. 

Tubercles  of  At  the  base  of  each  arytenoid  cartilage  (Plate 
THE  Aettenoid.  LVII.  fig.  2)  observe  the  anterior  tubercle  to  which 
the  true  vocal  cord  is  attached,  and  the  jposterim-  tubercle,  which 
gives  insertion  to  two  muscles,  namely,  the  '  crico-arytenoideus 
lateralis '  and  the  '  crico-arytenoideus  posticus  ' :  more  especially, 
notice  that  these  muscles  are  inserted,  not  into  the  same  side,  but 
into  opposite  sides  of  the  tubercle  :  the  effect  of  which  is  that  they 
antagonise  each  other. 

Each  arytenoid  cartilage  has  three  surfaces— a  posterior,  an 
anterior  or  external,  and  an  internal.  The  posterior  surface  is 
excavated  for  the  attachment  of  the  '  arytenoideus '  muscle  (fig.  3), 
which  crosses  from  one  cartilage  to  the  other,  and  fills  up  the  gap 
between  them.  The  anterior  surface  is  also  excavated,  and 
occupied  by  the  insertions  of  the  '  crico-arytenoideus  lateralis ' 
and  the  '  thyro-arytenoideus.'  The  internal  surface  is  flat,  looks 
towards  its  fellow  of  the  opposite  side,  and  contributes  to  form  part 
of  the  margin  of  the  glottis. 

The  epiglottis  is  a  structure  composed  of  yellow 
Enouyms.        elastic  cartilage  situated  at  the  base  of  the  tongue, 
and  projecting  over  the  upper  part  of  the  larynx  like  the  flap  of  a 
valve.    In  shape  it  somewhat  resembles  the  leaf  of  an  artichoke. 
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Its  apex  is  attach ed  to  the  angle  of  the  tliyroid  cartilage.  Its 
ordinary  position  is  pei-pendicular,  or  nearly  so,  leaving  the  glottis 
free  for  respiration ;  but  during  deglutition  the  larynx  is  raised, 
and  the  tongue  is  depressed,  so  that  the  epiglottis  becomes  more 
horizontal,  drops  like  a  valve  over  the  top  of  the  larynx,  and 
tends  to  prevent  the  entrance  of  food  into  it.  This  falling  of  the 
epiglottis  is  not  produced  by  any  special  muscle ;  it  is  simply 
mechanical. 

CuNEiFoiiM  These  cartilages  are  the   smallest  and  least 

Caetilagbs.  essential  of  the  whole  group.    They  are  found  in 

the  '  aryteno-epiglottidean  fold,'  a  prominent  line  of  mucous  mem- 
brane running  on  each  side  from  the  edge  of  the  epiglottis  to  the 
apex  of  the  arytenoid  cartilage.  They  are  thin  and  narrow,  not 
much  larger  than  pin's  heads  and  not  constant. 

Vocal  Coeds,  The  vocal  cords  are  four  elastic  ligaments,  two 

TETJE  AND  FALSE.  ou  cach  sldc,  oxteuding  horizontally  backwards 
from  the  angle  of  the  thyroid  cartilage  to  the  anterior  part  of  the 
arytenoid.  The  two  lower,  and  the  most  important,  are  termed 
the 'true'  vocal  cords,  because,  by  their  vibration,  they  produce 
the  voice  :  the  two  upper  cords  are  called  '  false,'  because  they 
have  little  or  nothing  to  do  with  the  voice.  The  rapidity  and 
accuracy  with  which  the  true  vocal  cords  can  change  their- tension, 
their  form,  and  the  width  of  the  slit  between  them,  renders  the 
voice  the  most  perfect  of  musical  instruments. 

Attachments  The  precise  attachments  of  these  cords  are  best 
OF  Vocal  Coeds.  seen  in  the  dried  larynx,  in  which  all  the  sur- 
rounding soft  parts  have  been  removed,  as  shown  in  Plate  LVII, 
fig.  2.  Observe  that  the  true  vocal  cords  are  attached  in  front 
close  together  to  the  angle  of  the  thyroid  cartilage,  about  a  quarter 
of  an  inch  from  its  lower  edge,  and  that  they  diverge  as  they 
pass  backwards  to  be  attached  to  the  anterior  tubercle  of  the 
base  of  the  arytenoid.  The  false  cords  also  proceed  from  the  angle 
of  the  thyroid  a  little  higher  than  the  true,  to  about  the  middle 
of  the  front  part  of  the  arytenoid.  In  the  recent  larynx  these 
cords  are  not  free  all  round,  like  the  strings  of  a  violin  ;  they  are 
only  free  along  the  sides  which  face  each  other ;  everywhere  else 
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the  true  cords  are  in  contact  with  muscle,  and  the  false  with  fat 
and  areolar  tissue. 

Length  of  What  is  the  length  of  the  true  vocal  cords  ? 

Vocal  Cords.  During,  life,  their  length  is  continually  varying,  to 
a  slight  degree,  with  the  pitch  of  the  voice ;  but,  in  the  dead 
subject,  they  are  about  five- 

In  the  several  mule  larynges  which  I  have  before  me,  the  cords 
diflfer  more  or  less  from  each  other  in  length,  though  not  more 
than  one-twelfth  of  an  inch.  These  individual  differences  in  the 
length  of  the  cords  make  corresponding  variations  in  the  natural 
tone  of  the  voice :  e.g.  tenor,  barytone,  or  bass.  A  deep  voice 
coincides  with  the  longer  cords ;  a  shrill  voice  with  the  shorter. 
In  the  female  the  cords  are  about  one-foui-th  shorter  than  in  the 
male.  In  boys,  too,  they  are  much  shorter  than  in  the  adult ;  hence 
the  peculiar  voice  of  boys.  At  puberty  the  cords  lengthen  with 
the  development  of  the  larynx,  and  the  voice  is  said  to  break. 

Vettbicles  of  In  the  perfect  larynx  there  is  a  little  recess  on 
THE  Laetxs.  each  side  between  the  true  and  the  false  vocal 

cords,  like  a  little  side  pocket.  These  recesses  are  called  'the 
ventricles '  of  the  larynx,  and  are  best  examined  by  cutting  open  the 
larynx.  Their  shape,  depth  and  situation  are  represented  in  the 
outline  on  the  next  page,  fig.  78,  taken  from  a  transverse  perpendi- 
cular section  of  the  larynx.  Their  use  appears  to  be  to  allow  free 
space  for  the  vibration  of  the  vocal  cords,  and  probably  to 
strengthen  the  voice.  They  are  lined  by  the  mucous  membrane 
of  the  larynx,  and  the  bottom  of  each  is  supported  by  the  '  thyro- 
arytenoideus '  muscle.  The  length  of  the  ventricles  from  before 
backwards  corresponds  with  the  length  of  the  vocal  cords.  Their 
greatest  vertical  depth  is  towards  the  front,  which  is  the  part 
represented  in  the  section. 

The  ventricles  of  the  larynx  are  large  enough  to 
Size  of  the  o  o 

Ventricxe3.  lodge  a  foreign  body,  such  as  a  pea  ;  and  when  an 

accident  of  this  kind  occurs,  there  is  no  rest  for  the  patient  until 
he  dies,  or  the  foreign  substance  is  got  rid  of.  A  pill  forced  down 
a  child's  throat  against  its  will  has  been  known  to  catch  in  one  of 
the  ventricles,  and  occasion  death,  after  a  few  struggles,  from  spasm 
of  the  glottis. 
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Fig.  78. 
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PBttPEN'DICCI.AB  SECTION,  SHOWING  THE  VENTRICLES  OF  THE  lAETNS. 


EiMA  Glottidis. 


Fig.  79. 


The  term  '  rima  glottidis  '  or  '  glottis '  is  applied 
to  the  interval  or  chink  between  the  true  vocal 
cords  through  which  the  air  passes  into  and  out  of  the  trachsea.  It 

is  about  one  inch  in  length.  Its 
boundaries  (fig.  79)  are  formed 
by  the  vocal  cords  and  by  the 
arytenoid  cartilages.  The  vocal 
cords  form  about  the  anterior 
two-thirds,  the  cartilages  about 
the  posterior  third  of  the  open- 
ing. The  glottis  admits  of  being 
made  wider,  or  narrower,  or  may 
even  be  hermetically  closed  by 
the  action  of  muscles  which  we  shall  examine  presently.  In  a 
state  of  rest  it  is  triangular ;  the  apex  being  in  front  at  the 
thyroid  cartilage,  and  the  base  between  the  arytenoid,  as  shown  in 
fig.  79,  where  the  arytenoid  are  cut  through  on  a  level  with  the 
vocal  cords.    When  the  glottis  is  dilated  in  inspiration  by  the 


Thyroid  cartilage. 
True  vocal  cord. 


Arytenoidcartilage. 
Elastic  ligament. 


SHAPE  OP  THE  GLOTTIS 
■WHEN  AT  REST. 
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'  crico-arytenoidei  postici,'  it  becomes  spear-shaped,  as  seen  in 
fig.  81.  During  expiration  the  glottis  gradually  resumes  its 
triangadar  shape  or  state  of  rest ;  and  this  return  to  state  of  repose 
is  effected,  not  by  muscle,  observe,  but  by  an  elastic  ligament  shown 
in  fig.  81,  which  draws  the  arytenoid  cartilages  towards  the  mesial 
line.  We  cannot  but  admire  this  beautiful  provision.  The  glottis, 
like  the  chest,  is  dilated  during  inspiration  by  muscular  tissue ;  like 
the  chest,  also,  it  is  contracted  during  expiration  by  elastic  tissue. 

il0scLBs  OF  There  are  nine  muscles  to  act  specially  upon  the 

THE  Lakynx.  rima  glottidis — four  on  each  side,  and  one  in  the 
middle.   The  fom-  on  each  side  are  the  '  crico-thyroidei,'  the  '  crico- 

.  Fig.  8(». 


Arytenoid  cartilage. . 
Crico-arytenoidjoint. 


Crico-thyroid  joint  


Thyroid  cartilage. 


Thyroid  cartilage  depressed. 
True  vocal  cord. 
True  vocal  cord  stretched. 

Crico-thyroid  muscle. 
Cricoid  cartilage. 


DIAGKAII  SaOWISG  THE  ACTION  OF  THE  CBICO-THYEOID  MUSCLE. 


arytenoidei  postici,'  the 'crico-arytenoidei  laterales,'  and  the  'thyro- 
arytenoidei.'  The  single  one  in  the  middle  is  the  '  arytenoideus. ' 
These  we  must  now  separately  examine. 

Ckico-thtboid  The  'crico-thyroid  '  is  a  short  and  strong  muscle. 
McscLEs.  It  arises  from  the  side  of  the  cricoid  cartilage,  and 

is  inserted  into  the  lower  border  of  the  thyroid,  including  the  lesser 
comu.  Its  action  is  to  stretch  the  vocal  cords.  It  does  this  by 
depressing  the  thyroid  cartilage,  the  arytenoid  cartilage  remaining 
fixed.  Under  th'iA  condition  the  thyroid  cannot  be  depressed 
without  increasing  the  distance  between  the  attachments  of 
the  vocal  cords,  as  shown  by  the  dotted  line  in  the  cut,  fig.  80. 
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Consequently  the  '  crico-thyroid,'  when  in  action,  must  elongate  the 
vocal  cords. 

Cbico-artte-  Each  '  crico-arytenoideus  posticus  '  arises  from 
NoiDEi  PosTxci.  the  posterior  part  of  the  cricoid  cartilage,  and  is 
inserted  into  the  posterior  tubercle  of  the  arytenoid.  The  muscle 
is  seen  in  action  (denoted  by  wavy  lines)  in-  fig.  81.  Its  action  is 
to  dilate  the  glottis.  It  does  this  by  drawing  the  posterior  tubercle 
of  the  arytenoid  toivards  the  mesial  line,  and  therefore  the  anterior 
tubercle  from  the  mesial  line.  In  this  movement  the  arytenoid 
cartilage  rotates  upon  the  cricoid  as  upon  a  pivot.  Moreover, 
the  arytenoid  cartilage  is  a  lever  of  the  first  order ;  the  fulcrum 
or  ideal  pivot  being  intermediate  between  the  power  at  the  poste- 

FiG.  81. 


Vocal  cord  

Thyroid  cartilage... 
Cricoid  cartilage  ... 

Arytenoid  cartilage 
Elastic  ligameiLt(cri- 
co-arytenoid). 


Thyro  -arytenoi- 
deus, 

Crico-arytenoideus 
lateralis. 

Ideal  pivot. 

Crico-arytenoideus 
posticus. 


GLOTTIS  DILATED.     MUSCLES    DILATING  IT  BEPEBSENTKD  WATT. 

rior  tubercle  and  the  weight  or  resistance  at  the  anterior.  The 
muscle  in  question  is  a  most  important  one.  It  is  a  muscle  of  in- 
spiration. It  dilates  the  glottis  every  time  we  inspire.  Dm-ing 
expiration,  when  the  glottis  is  restored  to  its  state  of  rest,  not  by 
muscular  action,  but  by  an  elastic  ligament  which  we  call  the 
'  crico-arytenoid,'  marked  in  fig.  81,  the  muscle  relaxes,  and  has 
time  to  rest.  This  alternate  contraction  and  relaxation  of  the 
'  crico-arytenoidei  postici '  is  perpetually  going  on,  from  the  first 

moment  of  life  till  the  last. 

Each  '  crico-arytenoideus  lateralis  '  arises  from 
^mZl'jZT  the  upper  border  of  the  cricoid  cartilage,  and  is 
BALIS.  inserted  into  the  posterior  tubercle  of  the  arytenoid. 
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Its  action  is  to  assist  in  closing  the  glottis,  as  seen  in  the  cut, 
tig.  82.  It  does  this  by  rotating  the  ai-ytenoid  cartilage  in  a  way 
directly  the  reverse  of  the  muscle  last  examined. 

The  '  arytenoideus  '  muscle  arises  from  the  back 
of  one  ai-ytenoid  cartilage,  and  is  inserted  into  the 
back  of  the  other.  (Plate  LVII.  fig.  3.)  Its  action  is  to  clasp  the 
two  cartilages  together,  and  therefore  to  assist  very  materially  in 
closing  the  glottis.* 

Thtro-  Each  of  these  muscles  arises  from  the  angle  of 

ABTTKxomEi.  thc  thyrold,  and  is  inserted  into  the  front  surface 
of  the  base  of  the  arytenoid.    Their  action  is  to  relax  the  vocal 

Fig.  82. 
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GLOTTIS  CLOSED.     STUSCIES  CLOSING  IT  EEPEESENTED  WATY. 

cords,  since  they  tend  to  draw  together  the  cartilages  to  which  they 
are  attached.  More  than  this,  they  assist  in  narrowing  the  glottis. 
But  their  special  action  appeai-s  to  be  that  of  bringing  the  lips  of 
the  glottis  parallel  to  each  other  ;  that  of  placing  them,  in  fact,  in 
the  '  vocalising '  position.  The  glottis  must  be  made  not  only  a 
very  narrow  chink,  but  its  lips  must  be  brought  parallel  to  each 
other,  before  they  can  be  made  to  vibrate  by  the  stream  of  the  air, 
in  such  a  manner  as  to  produce  voice  or  song.    The  motions  of 


♦  Certain  mascular  fibres  in  the  aryteno-epiglottidean  folds  of  mucous  membrane 
assist  the 'arytenoideus' and  the 'crico-arytonoidei  laterales'in  closing  the  glottis. 
All  these  little  muscles  together  form,  as  Heulo  has  shown,  a  'sphincter'  of  the 
glottis,  a  highly  developed  and  complicated  homologue  of  the  single  and  simple 
sphincter  mascle  which  embraces  the  entrance  of  the  larynx  in  reptiles. 

B 
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the  glottis  ill  singing,  speaking,  breathing,  and  coughing  can  be 
distinctly  seen  in  the  laryngoscope. 

The  following  is  a  tabular  arrangement  of  the  action  of  the 
muscles  of  the  larynx  : 


f  Crico-thyroidei  stretch  the  voeal  cords )  govern  the  pitch  of 

Antagonists  |  Thyro-arytenoidei  relax  the  vocal  cords    )     the  notes. 

f  Crico-arytenoidei  postici  open  the  glottis.. 

Antagonists  i  Crico-arytenoidei  laterales  1         ,     ,  . 

,    ^  r  close  the  slottis  .. 

^  Ary  tenoideus  J  " 


govern  the  opening 
of  the  glottis. 
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In  describing  the  anatomy  of  this  intricate  and  delicate  organ, 
we  propose  to  give  first  a  general  outline  of  its  structure,  and  after- 
wards to  go  into  the  details  of  its  several  parts. 

GexeralIdea  In  order  to  give  a  general  idea  of  the  organ 
OF  THE  SUBJECT.  of  hearing,  we  have  made  the  diagram,^  fig.  1, 
Plate  LVIII.  Eeferring  to  this  diagram,  we  recognise  the  elastic 
fibro-cartilage  termed  the  '  pinna '  of  the  ear,  which  collects  the 
sonorous  undulations  of  the  air,  and  transmits  them  down  the  pas- 
sage called  the  '  meatus  auditorius  externus.'  This  passage,  about 
an  inch  and  a  quarter  in  length,  is  a  little  contracted  in  the  middle 
and  slightly  curved  with  the  concavity  downwards.  It  is. closed  at 
the  bottom  by  a  fibrous  membrane  (membrana  tympani)  which  is 
fixed  in  a  groove  in  the  bone,  placed  obliquely,  and  stretched  in  all 
respects  like  the  parchment  of  a  drum,  except  that  its  outer  surface 
is  a  little  concave.  On  the  other  side  of  this  membrane  is  a 
small  chamber  in  the  substance  of  the  temporal 
bone,  termed  the  '  tympanum  '  or  middle  ear.  This 
chamber  is  filled  with  air,. which  is  admitted  through  a  tube  (Eus- 
tachian tube)  about  an  inch  and  a  half  long,  leading  from  the  back 
part  of  the  nostrils  into  the  front  part  of  the  tympanum.  Thus 
there  is  an  equilibrium  of  air  on  both  sides  of  the  membrana  tym- 
pani. In  fact,  the  Eustachian  tube  performs  the  same  oflBce  for  the 
ear  as  the  hole  which  is  made  in  the  side  of  a  drum  for  the  neces- 
sary purpose  of  opening  a  communication  with  the  external  air. 
Opposite  to  the  Eustachian  tube,  that  is,  at  the  back  part  of  the 
tympanum,  are  the  irregular  openings  of  the  mastoid  cells  which 
also  contain  air.  All  these  air  cavities  are  lined  by  a  continuation 
of  the  same  mucous  membrane  which  lines  the  passages  of  the  nose. 
This  explains  the  degree  of  deafness  which  is  often  produced  by  a 
common  cold,  or  other  disease  of  the  throat;  the  Eustachian  tube 

8  2 
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being  temporarily  obstructed  by  the  swelling  of  its  lining  mem- 
brane. 

OssicuLA  In  the  tympanum  itself  we  find  three  little  bones 

LKTO^lNcuf^AND  (osslcula  auditus)  known  separately  by  names 
Stapes.  more  descriptive  of  their  shape  than  their  office — 

'  malleus,'  '  incus,'  and  '  stapes.'  These  bones  are  connected  by 
perfect  joints,  so  as  to  form  a  continuous  chain,  surrounded  by 
atmospheric  air,  across  the  cavity  of  the  tympanum ;  and  the 
mucous  membrane  is  reflected  over  them.  The  handle  (manu- 
brium) of  the  malleus  at  one  end  of  the  chain  is  attached  to 
the  '  membrana  tympani,'  and  the  foot-plate  of  the  stapes  at 
the  other  end  closes  the  'fenestra  ovalis,'  an  opening  on  the 
inner  wall  of  the  tympanum  leading  to  the  '  vestibule '  of  the 
inner  ear.  Both  ends  of  the  bony  chain,  observe,  are  attached  to 
membrane,  since  the  foot-plate  of  the  stapes  does  not  exactly 
fit  into  the  fenestra  ovalis ;  membrane  intervening  between  their 
edges.  Moreover,  certain  little  muscles,  presently  to  be  described, 
are  attached  to  the  bones,  in  order  to  slacken  or  tighten  the 
membranes.  Besides  the  fenestra  ovalis,  there  is  another  opening 
in  the  inner  wall  of  the  tympanum,  called  the  '  fenestra  rotunda.' 
It  leads  into  the  cochlea  and  is  closed  by  membrane. 

The  internal  ear,  often  called,  on  account  of  its 

Inteenal  Eae.  ^jjtricacy,  the  '  labyrinth,'  consists  of  a  little 
chamber  termed  the  '  vestibule,'  the  three  '  semicircular  canals,' 
and  the  '  cochlea.'  All  these  parts  are  imbedded  in  the  petrous 
portion  of  the  temporal  bone,  like  passages  cut  out  of  a  solid  rock. 
Hence  the  great  difficulty  of  exploring  them.  Bear  in  mind  their 
relative  position.    The  '  vestibule '  is  in  the  middle. 

Vestibule.  ^^^^^^  ^^.^  behind  and  the  cochlea  is  in  front. 

The  vestibule  communicates,  behind,  with  the  five  openings  of  the 
semicircular  canals ;  in  front,  with  the  cochlea  ;  on  the  outer  side 
with  the  tympanum  through  the  fenestra  ovalis  (occupied  by  the 
stapes) ;  and  on  the  inner  side  by  minute  apertures  with  the 
meatus  auditorius  internus  through  which  the  auditory  nerve 
enters  the  ear.  These  apertures  transmit  those  branches  of  the 
auditory  nerve  which  supply  the  membranous  contents  of  the  ves- 
tibule and  the  semicircidar  canals. 
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The  cochlea,  so  named  from  its  resemblance  to 
a  snail's  shell,  is  an  exceedingly  curious  structure. 
It  is  placed  so  that  the  base  of  the  shell  corresponds  to  the  bottom 
of  the  meatus  auditorius  intern  us,  while  the  apex  points  forwards 
and  outwards  towards  the  Eustachian  tube.  It  is  formed  by  the 
spiral  convolutions  of  two  gradually  tapering  tubes,  or  rather  by 
one  tube  separated  into  two  compartments  by  a  longitudinal  sep- 
tum (lamina  spii-alis),  composed  partly  of  thin  bone,  but  chiefly  of 
membrane.  In  the  diagram  the  course  of  the  septum  is  indicated 
by  a  dotted  outline.  This  septum  is  the  most  important  part  of 
the  cochlea,  because  the  auditory  nerve  expands  upon  it.  It  runs 
all  through  the  tube,  except  at  the  apex,  where  it  suddenly  termi- 
nates in  a  curved  hook,  and  leaves  an  aperture  (helicotrema),  so 
that  the  two  portions  of  the  tube  may  communicate.  One  portion 
of  the  tube  (scala  vestibuli)  opens  into  the  vestibule ;  the  other 
portion  (scala  tympani)  leads  into  the  tympanum  through  the 
'  fenestra  rotunda.'  This  last  foramen  is  open  only  in  the  dry  bone; 
in  the  recent  state  the  fenestra  rotunda  is  closed  by  the  '  mem- 
brana  tympani  secundaria,'  which  therefore  has  the  air  of  the 
tympanum  on  the  one  side  and  the  water  of  the  cochlea  on  the 
other.  The  central  pillar  of  the  cochlea  round  which  the  tube 
makes  two  and  a  half  turns  is  called  the  '  modiolus '  or  '  axis.' 

Semicibculab  The  semicircular  canals  are  three  in  number, 
Caxals.  and  are  called,  from  their  position,  '  superior,' 

*  posterior,'  and  '  external.'  They  are  placed, -we  know  not  why, 
in  planes  at  right  angles  to  each  other  like  the  faces  of  a  cube. 
Each  canal  forms  the  greater  part  of  a  circle,  and  opens  at  each 
end  into  the  vestibule.  There  are  only  five  openings,  since  two  of 
the  canals  have  an  opening  in  common.  Each  canal  has  a  dilata^ 
tion  at  one  end  termed  the  '  ampulla,'  and  the  reason  of  this  is  to 
make  room  for  a  corresponding  dilatation  of  the  membranous 
canal  within  it,  upon  which  the  auditory  nerve  expands.  The 
'  ampulla,'  therefore,  is  the  most  important  part  of  each  canal. 

Purpose  or  Next  comes  the  question,  what  is  the  purpose 

THBSB  ELABORATK  of  all  thesB  curfous  and  elaborate  excavations  in 
Excavations.  petrous  bone  ?    The  answer  is,  to  form  recep- 

tacles for  water  in  which  may  float  the  delicate  membrane  destined 
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to  receive  llie  terminal  filaments  of  the  auditory  nerve.  This 
membrane  is  the  very  essence  of  the  organ  of  hearing.  It  is  to 
the  ear  what  the  retina  is  to  the  eye.  In  the  vestibule  and  semi- 
circular canals  it  forms  a  continuous,  but  closed  sac,  which  copies 
pretty  accurately  the  shape  of  these  cavities,  without  being  in 
contact  with  their  bony  walls.  It  is  bathed  within  and  without 
by  a  thin  albuminous  fluid.  That  part  of  the  fluid  within  the 
membrane  is  called  the  '  endolymph ' ;  that  without,  the  '  peri- 
lymph,' or  '  liquor  Cotunnii.'  Within  the  cochlea  the  membrane 
is  arranged  in  a  different  manner.  It  forms  here  the  greater  part 
of  the  '  lamina  spiralis,'  and  encloses  a  third  scale  or  spiral  passage, 
the  '  canalis  membranacea,'  or  '  canalis  cochlese,'  absent  in  the 
macerated  labyrinth.  Inside  this  membranous  canal  is  a  series  of 
ceUular  bodies  arranged  in  a  very  complicated  manner,  and  known 
as  the  'organ  of  Corti.'  The  membranous  canal  is  filled  with 
endolymph ;  the  cavities  of  the  scala  vestibuli  and  scala  tympani 
are  occupied  by  perilymph. 

The  auditory  nerve  enters  the  ear  through  the  meatus  audi- 
torius  internus.  At  the  bottom  of  this  passage  are  a  multitude 
of  small  foramina,  which  transmit  the  minute  subdivisions  of  the 
nerve  to  their  respective  destinations.  Some  are  distributed  upon 
the  sac  in  the  vestibule ;  some  upon  the  dilatations  (ampullae)  of 
the  membranous  semicircular  canals;  others  run  down  the  axis 
of  the  cochlea,  and  are  distributed  to  the  structures  within  the 
canalis  membranacea. 

Now  for  the  explanation,  usually  received,  of 

Probable 

Function  of  the  function  of  these  several  parts.  The  waves 
THESE  SETEEAL  souud,  coUected  by  the  cartilage  of  the  ear, 

pass  down  the  external  auditory  passage,  strike 
upon  the  membrana  tympani,  and  cause  it  to  vibrate.  These 
vibrations  are  carried  by  the  little  bones  across  the  tympanum  to 
the  membrane  which  closes  the  '  fenestra  ovalis,'  or  opening  into 
the  vestibule.  This  membrane,  thus  thrown  into  vibration,  com- 
municates motion  to  the  water  in  the  labyrinth ;  tlie  filaments 
of  the  auditory  nerve  receive  the  impression  and  transmit  the 
sensation  of  sound  to  the  brain.  The  vibrations  of  the  membrana 
tympani  excite  corresponding  vibrations  in  the  air  within  the 
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cavity  of  the  tympanum,  which  again  communicates  them  to  the 
membrane  closing  the  fenestra  rotunda,  and  through  this  they 
reach  the  cochlea.  Here  we  have  a  ready  explanation  of  the  use 
of  the  fenestra  rotimda  and  the  membrane  closing  it :  that  is,  we 
have,  interposed  between  air  and  water,  a  tense  membrane,  which 
is  the  very  best  medium  for  transmitting,  with  increased  intensity, 
vibrations  from  one  to  the  other. 


After  the  preceding  sketch  of  the  anatomy  of  the  ear,  we 
proceed  now  to  a  more  minute  description  of  its  component" 
parts.  It  is  taken  for  granted  that  the  learner  is  akeady 
familiar  with  the  anatomy  of  the  temporal  bone  described  at 
page  68. 

Meatus  Audi-  This  passage  leads  to  the  membrana  tympani. 
TOEics  EsTERNus.  j^s  outer  third  is  formed  by  a  tubular  continua- 
tion of  the  cartilage  of  the  ear ;  its  inner  two  thirds  by  the 
osseous  canal  in  the  temporal  bone.  The  cartilaginous  part  is 
united  by  fibrous  membrane  to  the  rough  margin  of  the  processus 
.  auditorius.  The  cartilage,  however,  does  not  itself  form  a 
complete  tube;  there  is  a  slight  deficiency  at  the  upper  part, 
completed  by  fibrous  membrane.  There  are  also  one  or  two 
vertical  fissvures  in  the  cartilage.  The  object  of  these  breaks 
in  the  cartilage  is  to  give  greater  freedom  of  motion ;  but  they 
are  interesting  practically,  as  explaining  how  collections  of  matter 
in  the  neighbourhood  of  the  ear  sometimes  make  their  way  into 
the  meatus  auditorius. 

The  length  of  the  meatus,  measured  from  the 
middle  of  its  external  orifice  to  the  middle  of 
the  membrana  tympani,  is  about  one  inch  and  two  or  three  lines. 
The  anterior  wall  is  about  one-fourth  of  an  inch  longer  than  the 
posterior,  in  consequence  of  the  oblique  direction  of  the  membrana 
tympani. 

The  direction  of  the  meatus  is  inwards  and 

IJikectiojt, 

forwards.    It  describes  a  slight  curve  with  the 
concavity  downwards.    Besides  tliis  general  curve,  the  cartilaginous 


264 


THE  ANATOMY  OF  THE  EAE. 


part  is  slightly  curved  with  the  concavity  forwards,  and  the 
osseous  part  with  the  concavity  backwards.  Altogether,  the 
meatus  has  such  a  curious  shape  that  it  cannot  be  well  understood 
without  looking  at  a  cast  of  it.  Of  many  which  I  have  before 
me,  no  two  are  precisely  similar  in  shape.  Every  surgeon  knows 
how  difficult  it  is  to  see  the  whole  of  the  membrane  of  the 
tympanum  at  one  ^dew :  one  can  seldom  see  more  than  a  part 
of  it,  however  much  the  ear  be  dilated  and  pulled  so  as  to 
straighten  the  outer  curve.  The  narrowest  part  of  the  meatus  is 
about  the  middle.  Beyond  this  point  we  ought  not  to  introduce 
the  speculum. 

Meatus  in  tilu  The  preceding  description  of  the  external 
Infant.  auditory  meatus  refers  to  its  condition  in  the 

adult.  In  infancy,  the  meatus  is  extremely  short  on  account 
of  the  non-development  of  the  bony  portion,  which  at  this 
period  is  a  mere  ring  (see  '  Temporal  Bone ').  The  membrana 
tympani,  too,  is  almost  on  the  plane  of  the  base  of  the  skull ; 
this  is  a  conspicuous  feature  in  the  cranium  of  a  new-born  child, 
where  the  membrane  absolutely  lies  on  the  floor  of  the  meatus. 
It  is  most  important  that  a  surgeon  should  bear  these  facts 
in  mind  when  examining  the  ears  of  very  young  children. 

Insects  sometimes-  find  their  way  down  the  meatus  and  cause 
intense  pain.  I  will  adduce  an  instance  related  by  Wilde,*  if 
only  to  show  how  to  dislodge  them  :  '  I  remember  being  out 
shooting  with  a  friend,  who,  suddenly  exclaiming  "  Oh,  an 
earwig!"  and  throwing  aside  his  gun,  fell  on  the  ground, 
making  the  most  piteous  groans,  and  rolling  about  in  agony. 
Suspecting  that  some  insect  had  got  into  his  ear,  I  procured 
some  water  from  a  ditch,  and  poured  it  into  the  meatus. 
While  watching  the  result,  a  little  animal,  well  known  among 
anglers  as  the  hawthorn  fly,  crept  put,  and  my  friend  was  instantly 
relieved.' 

Mbmbkana  The  membrana  tympani  is  a  thin,  semi-trans- 

Ttmpaki.  parent,  fibrous  membrane,  of  a  greyish  colour, 

placed  very  obliquely  at  the  bottom  of  the  meatus  auditorius 
externus.     Its  direction  is  downwards,  forwards,  and  inwards. 

*  'Aural  Surgery,'  p.  178. 
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The  reason  of  this  obliquity  would  seem  to  be,  to  increase 
the  extent  of  surface ;  so  that  every  wave  of  sound,  reflected 
down  the  meatus,  must  fall  upon  it.  Its  circumference,  which 
is  nearly  circular,  is  fixed  into  a  groove  in  the  bone,  so  fine 
that  it  might  have  been  traced  with  the  point  of  a  needle. 
(Plate  LYIIT.  fig..  2.)  This  groove,  however,  does  not  form 
a  complete  circle  :  it  is  deficient  at  the  upper  part,  where  the 
membrana  tympani  is,  more  obviously  than  elsewhere,  continuous 
with  the  skin  lining  the  meatus. 

The  membrana  tympani  is  not  flat,  like  the  parchment  of 
a  drum,  but  sKghtly  conical,  with  the  apex  towards  the  tympanum. 
This  shape  seems  given  to  it  by  the  handle  of  the  malleus, 
which  draws  the  membrane  a  little  inwards.  The  handle  of 
the  bone  can  be  seen  in  the  living  subject,  like  a  thin  white 
streak,  which  is  not  quite  vertical,  but  inclines  slightly  back- 
wards. 

I  have  many  times  found  a  hole  in  the  membrane,  even 
in  cases  where  there  has  been  during  life  no  defect  of  hear- 
ing. This  sufficiently  explains  why  some  persons  can  blow 
the  smoke  of  tobacco  through  the  ear  as  well  as  through  the 
nose. 

SxErcTURE  OF  Thin  as  it  is,  the  membrana  tympani  is  very 
THE  MB3rBBAXA  strong.  It  has  three  strata  :  an  outer  stratum  of 
Ttstpaxi.  cuticle  ;  a  middle,  fibrous,  on  which  its  strength 

chiefly  depends ;  and  an  internal,  mucous.  (Plate  LX.  fig.  3.) 
The  middle  stratum  is  composed  of  fibres  radiating  and  circular, 
but  no  longer  considered  muscular.  It  is  this  coat  which  is 
fixed  into  the  bony  groove,  and  contains  in  its  very  substance 
the  handle  of  the  malleus.  The  dermal  stratum  is  composed 
of  an  extremely  thin  layer  of  the  true  skin,  continuous 
with  that  lining  the  meatus  auditorius  externus.  The  mucous 
lining  is  continuous  with  the  lining  of  the  tympanum.  The 
membrane  is  well  supplied  with  blood  by  arteries  derived  from 
the  stylo-maatoid  and  the  tympanic  branch  of  the  internal 
maxillary. 

Ttmpancm,  or  We  need  not  repeat  what  has  been  said 
MIDI.LP,  Ear.         already  about  the  tympanum,  but  pass  on  to 
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examine  what  is  to  be  seen  on  its  several  aspects,  namely : 
its  external  aspect,  its  internal,  its  anterior  and  posterior,  its 
superior  and  its  inferior. 

EsTEENAL  On  the  outer  aspect  of  the  tympanum  there 

Aspect.  ig  the  bottom  of  the  meatus  auditorius,  closed 

by  the  membrana  tympaui. 

Internal  On  the  inner  aspect  of  the  tympanum  (Plate 

Aspect.  LVIII.  fig.  2)  we  see — 1.  The  fenestra  ovalis 

leading  to  the  vestibule :  this  is  open  in  the  dry  bone,  but 
closed  in  the  recent  state  by  the  base  of  the  stapes  which  is 
held  to. the  margins  of  the  fenestra  by  ligamentous  fibres.  The 
fenestra  ovalis  looks  outwards  towards  the  membrana  tympani. 
2.  The  fenestra  rotunda :  this,  in  the  recent  state,  is  also 
closed  by  membrane  (membrana  tympani  secundaria) ;  in  the 
dry  bone  it  leads  to  the  tympanic  scale  of  the  cochlea,  and 
also  into  the  vestibule :  but  the  fenestra  does  not  communicate 
with  the  vestibule  in  the  perfect  state.  The  fenestra  rotunda  looks 
almost  directly  backwards.  4.  The  promontory  :  this  is  nothing 
more  than  the  bulging  of  the  first  turn  of  the  cochlea;  its 
surface  is  marked  by  grooves  for  the  ramifications  of  Jacobson's 
nerve. 

■  Auteeior  On  the  anterior  aspect  of  the  tympanum,  we 

Aspect.  have — 1.  The  bony  canal  for  the  'tensor  tym- 

pani' (in  the  drawing,  this  canal  is  cut  open).  Just  before 
its  termination  in  front  of  the  fenestra  ovalis,  the  canal  makes 
a  sudden  curve  outwards,  in  order  to  form  a  little  pulley  for 
the  tendon  of  the  muscle  within.  In  most  bones  this  part 
of  the  canal  is  broken,  and  has  the  appearance  of  a  little  spoon ; 
for  this  reason,  it  is  called  the  'processus  cochleariformis.' 
2.  The  Eustachian  tube.  3.  The  orifice  of  the  Glaserian  fissure 
which  transmits  the  '  laxator  tympani '  and  the  chorda  tympani 
nerve.  In  about  five  specimens  out  of  six,  the  chorda  tympani 
runs  through  a  little  canal  of  its  own,  close  to,  and  a  little 
above  the  Glaserian  fissure;  but  this  'canal  of  Huguier,'  as 
it  has  been  termed,  is  of  no  practical  moment,  and  hardly  deserves 
a  new  name. 
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PosTKRioK  Oil  the  posterior  aspect  of  the  tympanum,  we 

Aspect.  have — 1.  The  opening  into  the  mastoid  cells. 

2.  The  pp-amid — a  small  projection  containing  a  minute  canal, 
about  the  size  of  a  bristle,  for  the  lodgment  of  the  '  stapedius 
muscle.'*  The  pyramid  is  always  supported  by  a  minute  bony 
column,  which  extends  like  a  flying  buttress  from  its  apex  to  the 
promontory.  3.  The  foramen  chordaj,  or  '  iter  chordae  posterius.' 
This  minute  foramen  is  a  little  below  the  level  of  the  pyramid, 
and  close  to  the  groove  for  the  attachment  of  the  membrana 
tympani.  Introduce  a  bristle  into  it,  and  you  find  that  it  leads 
into  the  '  aqueductus  Fallopii.'  It  transmits  the  chorda  tympani 
nerve.  This  nerve  is  a  branch  of  the  facial  (which,  remember, 
is  contained  in  the  '  aqueductus  Fallopii ' :  see  Plate  LX.  fig.  4). 
It  comes  up  through  the  foramen  chordse,  runs,  not  across  the 
tympanum,  but  across  the  membrana  tympani,  outside  the 
mucous  membrane,  between  the  handle  of  the  malleus  and  the 
long  process  of  the  incus;  it  leaves  the  membrane  through 
the  Glaserian  fissure  ■  (or  through  a  distinct  canal  of  its  own), 
and,  joining  the  gustatory,  eventually  goes  to  the  submaxillary 
ganglion. 

SupEHioE  On  the  superior  aspect  of  the  tympanum  is  a 

Aspect.  thin  plate  of  bone  which  separates  the  cavity  of 

the  tympanum  from  that  of  the  cranium.  This  is  an  important 
relation.  Ulceration  commencing  in  the  cavity  sometimes  destroys 
this  thin  plate  of  bone,  and  occasions  death  by  involving  the  diura 
mater  and  the  brain. 

LvFEtaoB  The  inferior  aspect,  or  floor  of  the  tympanum, 

a.spect.  jg  formed  by  the  jugular  fossa,  which  lodges  the 

jugular  vein.  A  little  in  front  of  this  fossa  is  the  canal  for  the 
carotid  artery,  which  is  separated  from  the  tympanum  only  by  a 
thin  scale  of  bone.  The  vicinity  of  these  great  vessels  explains 
the  sudden  and  profuse  haemorrhage  which  sometimes,  though 
rarely,  occurs  from  the  ear  when  diseased.  Professor  Porter 
speaks  of  blood  gushing  from  the  ear  with  a  rapidity  such  as  he 

*  At  the  base  vt  the  pyramid  (Imt  within  it)  are  two  minute  canals  which  transmit, 
the  one  an  arterj,  the  other  a  nerve,  to  the  stapedius. 
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never  witnessed  in  a  surgical  operation.*  Ulceration  had  extended 
into  the  carotid  artery. 

In  another  case  of  sudden  and  profuse  bleeding  from  the  ear, 
Mr.  Syme  tied  the  carotid  artery.f  The  patient  died.  Dissection 
discovered  that  the  blood  came  from  the  lateral  sinus,  near  the 
jugular  fossa,  the  thin  bony  septum  between  that  fossa  and  the 
tympanum  having  been  destroyed  by  ulceration.  Looking  at  the 
proximity  of  these  large  vessels,  we  cannot  wonder  that  bleeding 
from  the  ear,  after  injury  to  the  head,  makes  one  suspect  the  exist- 
ence of  a  fracture  through  the  tympanum. 

In  the  floor  of  the  tympanum  there  are  a  number  of  minute 
holes,  among  which  we  especially  note  one  as  the  upper  opening  of 
the  canal  for  Jacobson's  nerve.  The  lower  opening  of  the  canal  is 
at  the  base  of  the  skull,  on  the  little  crest  of  bone  which  separates 
the  jugular  fossa  from  the  carotid  canal.  The  nerve  in  question  is 
a  branch  of  the  glosso-pharyngeal.  It  enters  the  tympanum,  and 
ramifies  upon  the  promontory,  forming  what  is  called  the  '  tympanic 
plexus.'  It  supplies  the  mucous  membrane  of  the  tympanum. 
Its  principal  branches  are  generally  indicated  by  grooves  made 
for  their  passage  on  the  promontory.  In  a  preparation  where 
there  appeared  to  be  neither  groove  nor  nerve,  I  subsequently 
found  the  nerve  lodged  in  a  complete  bony  canal  within  the  pro- 
montory. 

AdUBDucTus  We  must  not  leave  the  tympanum  without 

Fatloph.  noticing  the  '  aqueductus  Fallopii,'  or  canal  for  the 

facial  nerve,  which  supplies  all  the  muscles  of  expression.  (Plate 
LIX.  fig.  1.)  Commencing  at  the  bottom  of  the  meatus  audi- 
torius  internus,  it  runs  for  a  short  distance  outwards,  then  turns 
horizontally  backwards  along  the  inner  waU  of  the  tympanum, 
just  above  the  fenestra  ovalis,  and,  lastly,  descending  behind  the 
tympanum,  emerges  at  the  stylo-mastoid  foramen.  Its  course 
suggests  how  liable  the  nerve  is  to  be  injured  in  fracture  through 
the  temporal  bone,  or  in  disease  of  the  ear.    While  in  this  canal 

*  Graves's  '  Clinical  Medicine,'  vol.  i. 

t  '  Edinlmrgh  Montlily  Journal,'  No.  III.  A  case  is  recorded  in  the  '  Edinb.  Med. 
and  Surg.  Journal,'  No.  CXV.  p.  319,  in  which  Mr.  Sjme  tied  the  carotid  for  liaemor- 
rhage  from  the  car.    The  patient  recovered. 
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the  nerve  seuds  oflf  three  important  branches,  all  to  ganglia. 
These  I  have  endeavoured  to  show  in  Plate  LX.  fig.  4.  The  fi.r8t 
bi-anch,  the  gi-eater  petrosal,  or  Vidian,  runs  down  the  hiatus 
Fallopii  to  the  spheno-palatine  ganglion;  the  second,  or  lesser 
petrosal,  goes  to  the  otic  ganglion  ;  the  third,  or  chorda  tympani, 
runs  with  the  gustatory  nerve  to  the  submaxillary  ganglion.  Two 
L^ss  important  nerves  are  also  given  otf  from  the  facial  in  the 
aqueductus  Fallopii,  namely,  the  external  petrosal  which  commu- 
nicates with  the  sympathetic  on  the  middle  meningeal  artery,  and 
the  nerve  to  the  stapedius  muscle. 

To  assist  the  memory,  I  have  arranged  the  objects  seen  on  the 
inner  wall  of  the  tympanum  in  the  following  tabular  form : — 


Fig.  83. 

BEAIN. 


g  ^  riLostoid  cells. 

5  S  J  Pyramid  for  sta- 

s  S  1  pedius. 

5  s  (Foramen  chordae. 
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Canal  for  tensor  tympani. 
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LinxE  Bones  The  three  little  bones  in  the  tympanum  are 
THE  Tympaxuii.  drawu  larger  than  natural,  but  in  their  proper 
relative  position,  Plate  LIX.  figs.  2,  3,  4,  and  5.  In  fig.  3,  you 
are  supposed  to  be  looking  at  them  from  the  meatus  auditorius ; 
in  fig.  2,  from  the  inside  of  the  tympanum.  The  dotted  line  in 
each  figure  is  intended  to  represent  the  outline  of  the  membrana 
tympani. 

The  malleus  or  hammer  presents  a  head,  neck, 
and  handle  (manubrium).  The  '  head '  is  the 
large  round  part  above  the  membrana  tympani.  It  articulates 
posteriorly  with  the  incus  by  means  of  a  concavo-convex  joint, 
crusted  with  cartilage  and  provided  with  synovial  membrane. 
The  '  neck  '  is  the  narrow  portion  between  the  head  and  the  handle. 
From  the  front  of  the  neck  spring.s  the '  long  process  '  or  '  processus 
gracili.s '  which  runs  down  the  Grlaserian  fissure  and  gives  insertion 
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to  the  '  laxator  tympani.'  In  infants  this  '  processus  gracilis '  may 
be  removed  entire,  together  with  the  rest  of  the  malleus  ;  but,  in 
the  adult,  it  is  adherent  to  the  temporal  bone  and  cannot  be  ex- 
tracted entire.  The  handle  or  '  manubrium '  descends  nearly 
perpendicularly  from  the  neck.  Near  the  root  of  the  handle  is  a 
little  projection  called  the  'short  process,'  which  presses  against 
the  upper  part  of  the  membrana  tympani.  The  handle  itself  ter- 
minates in  a  slightly  flattened,  outwardly  curved  extremity,  a 
little  below  the  centre  of  the  membrane.  On  the  inner  side  of 
the  handle,  and  below  the  processus  gracilis,  is  inserted  the  '  tensor 
tympani.' 

Hold  the  malleus  with  the  articiilar  surface 
backwards  and  the  manubrium  downwards ;  the 
'  processus  brevis '  will  point  to  the  side  to  which  the  bone 
belongs. 

The  incus,  or  anvil,  lies  behind  the  malleus.  It 
has  a  body,  a  short,  and  a  long  process.  The  body 
is  convex,  placed  above  and  behind  the  membrana  tympani,  and 
has  a  concavo-convex  surface  which  articulates  with  the  head  of 
the  malleus.  The  '  short  process '  extends  horizontally  backwards 
into  the  mastoid  cells,  and  is  fixed  there  by  a  ligament.  The 
'  long  process  '  descends  nearly  vertically,  parallel  to  the  handle  of 
the  malleus,  and,  like  it,  is  a  little  convex  outwardly.  Towards 
the  extremity  it  suddenly  turns  up  and  supports,  on  a  narrow 
pedicle,  the  orbicular  process  formerly  termed  '  os  orbiculare '  (fig.  5). 

Hold  the  incus  with  its  short  process  backwards 
and  its  articular  surface  upwards ;  the  long  pro- 
cess will  then  be  found  to  turn  aiuay  from  the  side  to  which  the 
bone  belongs. 

The  little  '  os  orbiculare,'  considered  by  some  as 
Os  Obbicuiakb.    ^  ggp^j.^tg  ^ojje^  is  always  anchyldsed  in  the  adult 

to  the  long  process  of  the  incus ;  but  it  is  connected  with  the 
stapes  by  a  very  distinct  joint. 

The  stapes,  or  stirrup,  is  placed  horizontally. 
The  Stapes.       ^.^^  ^^^^  ^^^^  fenestra  ovalis.    It  has  a 

head,  neck,  two  '  crura '  or  branches,  and  a  base  or  foot-plate. 
The  head  articulates  by  a  concave  surface  with  the  orbicular  process 
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of  the  incus.  The  neck  gives  attachment  behind  to  the  'sta- 
pedius.' (Plate  LX.  fig.  2.)  The  anterior  branch  of  the  stirrup  is 
shorter  and  less  cui-ved  than  the  posterior;  both  are  grooved,  proba- 
bly for  lightness'  sake,*  on  their  concave  sides,  and  the  interval  is 
closed  by  a  membrane.  The  '  base '  is  similar  in  form  to  the  fenestra 
ovalis,  which  it  nearly  fills,  and  their  margins  are  imited  by  an 
annular  Ligament.  The  lower  border  of  the  base  is  straighter 
than  the  upper,  and  its  anterior  extremity  is  the  sharpest. 

Place  the  stapes  with  the  straighter  border  of 
Right OE Left?    .^^  ^^^^  downwards  and  the  sharper  end  forwards  ; 

the  head  will  then  point  to  the  side  to  which  the  bone  belongs. 

All  the  bones  in  the  tympanum  are  ossified  and 
^^Y[  developed  at  birth.  I  have  before  me  the 
ear-bones  of  a  new-born  infant  and  those  of  the  giant  O'Bryan,  who 
was  seven  feet  seven  inches  high,  and  there  is  very  little  difference 
between  them  in  size.  The  plan  on  which  they  ossify  is  remark- 
able, but  incomprehensible  to  the  student  until  he  has  mastered 
the  rudiments  of  embryology. f  Of  the  four  bones,  the  stapes  is 
the  most  essential  to  hearing.  Disease  may  destroy  the  others, 
and  stiU.  the  patient  may  hear :  but  when  the  stapes  falls  out,  the 
fluid  in  the  vestibide  escapes,  and  inevitable  deafness  results. 

LiTTLB  Muscles  There  are  two  well-marked  muscles  with  fleshy 
MovixG  THE  Bo>-Es  bodles  and  distinct  tendons  attached  to  the  bones 
ts  THBTTi£PA>-tni.    ^  ^j^g  tympanum,  namely,  the  tensor  tympani  and 

the  stapedius.  (Plate  LX.  figs.  1,  2.)  The  'laxator  tympani'  is 
still  described  as  a  muscle  by  many  anatomists.  The  laxator 
tympani  extemus,  as  a  muscular  structure,  is  very  doubtful. 

Tessob  '  tensor  tympani '  is  a  well-marked  muscle. 

Ttmpasi.  It  arises  from  the  apex  of  the  petrous  bone,  and 

from  the  cartilage  of  the  Eustachian  tube,  and  is  inserted  into  the 
handle  of  the  malleas,  just  below  the  processus  gracilis.  The 
muscle  is  lodged  in  the  bony  canal  running  above  and  parallel  with 
the  Eustachian  tube ;  and  when  its  tendon  reaches  the  end  of  the 

*  Eyaell  etates  that  the  groove  in  the  crus  forms  half  an  Haversian  canal,  lodging 
a  small  vessel. — 'Beitrago  zur  Anatomio  des  Steigbiigols,'  Archiv  fiir  Ohreuhoil- 
kundp,  vol.  V. 

f  See  Qaain's  'Anatomy,'  8th  edition. 
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canal,  which  forms  a  kind  of  elbow,  it  is  reflected  at  a  right  angle 
to  reach  its  insertion.    From  origin  to  insertion  the  muscle  is 
enclosed  in  a  strong  fibrous  sheath.    The  tendon  slides  within  the 
Laxator  sheath,  and  has  a  synovial  membrane.  The'laxa- 

Ttmpani.  tor  tympani '  arises  from  the  spine  of  the  sphenoid 

bone,  runs  up  the  Glaserian  fissure,  and  is  inserted  into  the  pro- 
cessus gracilis  of  the  malleus.  Like  the  last  muscle,  it  is  sur- 
rounded by  a  sheath.  Whilst  there  is  no  doubt  whatever  about 
the  muscularity  of  the  '  tensor  tympani,'  many  modern  anatomists 
who  have  minutely  studied  the  ear,  believe  the  '  laxator  tympani ' 
to  be  a  ligarnent. 

The  '  stapedius '  arises  in  the  canal  of  the 

Stapedius. 

pyramid.  Its  little  tendon,  coming  out  of  the 
canal  at  the  apex,  is  reflected  outwards,  and  inserted  into  the 
posterior  part  of  the  neck  of  the  stapes.  Anatomists  are  not 
agreed  about  the  precise  use  of  the  stapedius.  One  of  its  actions 
would  appear  to  be  to  tilt  the  stapes  backwards,  and  thus  diminish 
the  pressure  upon  the  fluid  in  the  vestibule. 

So  much  for  the  tympanum  and  its  contents.  Let  us  now  pass 
on  to  the  internal  ear  or  labyrinth,  comprising  the  vestibule,  semi- 
circular canals,  and  cochlea.  And  first  of  the  vestibule,  which  we 
enter  thi'ough  the  '  fenestra  ovaMs.' 

The  vestibule  is  of  an  oval  form,  measuring  about 
Vestibule.  .     ,    .     , .  ~  • ,  i  ^ 

fta  of  an  inch  m  diameter,  except  irom  without 

inwards,  in  which  direction  it  is  not  quite  so  wide.  Posteriorly  it 
receives  the  five  openings  of  the  semicircular  canals  and  the 
opening  of  the  '  aqueductus  vestibuK';  anteriorly,  and  at  its  lower 
part,  is  the  opening  into  the  vestibular  scale  of  the  cochlea ;  on 
its  external  wall  is  the  '  fenestra  ovalis.'  In  all,  then,  there  are 
eight  openings  into  the  vestibule.  The  internal  wall  of  the  vesti- 
bule corresponds  with  a  part  of  the  bottom  of  the  '  meatus  audi- 
torius  internus.'  Looking  attentively  at  this  inner  wall,  as  shown 
in  Plate  LXI.  fig.  3,  we  observe  two  slight  depressions  separated 
by  a  bony  ridge.  The  upper  of  the  two  is  called  the  '  fovea  hemi- 
elliptica,'  it  lodges  the  utricle  ;  the  lower,  or  '  fovea  hemispherica,' 
lodges  the  saccule.  The  ridge  dividing  these  '  foveas '  is  known 
as  the  '  crista  vestibuli.'    The  utricle  and  the  saccule,  as  we  shall 
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presently  explain,  are  distinct  parts  of  the  membranous  labyrinth. 
The  fove®  as  well  as  the  crista  vestibuli,  are  riddled  with  minute 
foramina,  only  visible  with  a  lens,  through  which  the  filaments  of 
the  auditory  nerve  enter  the  vestibule.  We  have  attempted  to 
represent  the  vestibule  and  its  eight  openings  in  the  annexed 
diagram,  fig.  84. 


EiG.  84. 


On  the  inner  ( Fovea  hemispheriea  for  saccule 
wall.        {Fovea  hemieUiptica  for  utricle 
'Superior  semicircular  canal 


Openings 
behind. 


External  semicircular  canal 

Aqueductus  vestibuli  

^Posterior  semicircular  "canal   

Outer  -wall.     Fenestra  ovalis   

Opening  of  vestibular  scale  of  cochlea. 
Opening  of  tympanic  scale  of  cochlea. 

DIAGHAM  OF  THE  EIGHT  VESTIBULE,  AND  THE  OPENINGS  INTO  IT. 


Semicieculab 
Caxals. 


The  three  semicircular  canals  are  called,  accord- 
ing to  their  position,  the  '  superior,'  the  '  posterior," 
(both  vertical),  and  the  '  external '  (horizontal).  The  superior 
canal  crosses  the  petrous  bone  at  right  angles,  and  stands  out 
in  relief  on  its  anterior  surface.  Its  '  ampulla '  is  at  the  outer 
orifice.  The  posterior  canal  is  the  longest  of  the  three.  It  rims 
parallel  with  the  posterior  surface  of  the  petrous  bone,  and  makes 
a  little  relief  just  above  the  aqueductus  vestibuli.  Its  '  ampulla  ' 
is  at  the  lower  orifice  ;  its  upper  orifice  joins  the  narrow  end 
of  the  superior  canal.  The  external  canal  is  the  smallest  of  the 
three ;  it  lies  horizontally  in  the  petrous  bone  behind  the  superior 
and  external  to  the  posterior  canal;  its  convexity  is  directed 
backwards.    Its  ampulla  is  at  its  outer  orifice. 

The  cochlea  is  placed  so  that  its  base  is  at 
the  bottom  of  the  meatus  auditorius  internus, 
ready  to  receive  certain  filaments  from  the  auditory  nerve. 
Its  apex  is  directed  forwards  and  outwards  close  to  the  canal  for 
the  tensor  tympani.  It  makes  two  turns  and  a  half,  which  ritn 
from  left  to  right  in  the  right  ear,  and  from  right  to  left  in 
the  left,  round  the  central  axis  termed  the  '  modiolus.'    Its  first 

T 


COOTLEA. 


274 


THE  ANATOMY  OP  THE  EAE. 


turu,  bulging  into  the  tympanum,  makes  the  '  promontory ' 
there.  The  outer  wall  of  the  coil  is  composed  of  a  lamella 
of  very  hard  bone,  like  the  semicircular  canals :  the  inner  wall 
is  also  formed  of  compact  bone,  but  the  interior  of  the  '  modiolus ' 
is  spongy.  The  last  half-turn  presents  peculiarities,  and  the 
best  way  to  examine  them  is  to  remove  the  'cupola'  or  rounded 
apex  of  the  cochlea,  as  we  have  done  in  Plate  LXI.  fig.  4. 
In  this  drawing  you  observe  that  the  last  turn  forms  a  kind  of 
half-funnel  (infundibulum).  Into  the  apex  of  this  funnel,  which 
is  continuous  with  the  modiolus,  there  opens  a  canal  which  runs 
through  the  centre  of  the  modiolus.  Eound  the  free  border 
'  of  the  half-funnel  projects  the  hook-like  termination  (hamulus) 
of  the  lamina  spiralis.  All  this  is  seen  only  in  the  dry  bone. 
In  the  recent  state  there  would  be  simply  the  aperture  of 
communication  (helicotrema),  between  the  two  scales  of  the 
cochlea. 

The  tympanic  scale  runs  on  that  side  of  the  lamina  spiralis 
which  looks  towards  the  base  of  the  cochlea.  Near  the  beginning 
of  that  scale  is  the  minute  termination  of  the  aqueductus  cochleee. 
(PL  LXI.  fig.  3.) 

Fig.  85. 

Cupola    

Hook  of  lamina  spiralis   '-^^^^tl^Bli 

Infundibulum    ^ljAi^^HHV|''| 

Lamina  spiralis    ,  s^^^E^SlRlliS. 

Vestibular  scale   

Lamina  spiralis   

Tympanic  scale  

Meatus  auditorius  intemus   


Bony  Lamina  The  bony  lamina  spiralis,  the  only  portion 
Spirams.  Qf  t]je  most  essential  part  of  the  cochlea  which 

can  be  seen  in  the  dry  bone,  is  well  shown  in  fig.  85.  It 
commences  at  the  lower  part  of  the  vestibule  immediately  above 
the  fenestra  rotunda.  (Plate  LXI.  fig.  3.)  From  this,  which  is 
its  broadest  part,  it  gradually  diminishes  in  breadth  as  it  winds 
round  the  axis  into  the  apex  of  the  cochlea,  never  reaching  more 
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than  half  across  the  tube,  and  it  finally  terminates  as  a  little 
hook  (hamulus)  in  the  funnel  of  the  last  coil.  On  the  concave 
side  of  this  hook  is  situated  (in  the  recent  state)  the  helicotrema 
or  aperture  of  communication  between  the  two  scales.  Now  if 
you  examine  the  lamina  spiralis  with  a  lens,  you  find  that  both 
its  surfaces  are  fuiTowed  by  canals  which  give  passage  to  the 
nerves  before  they  reach  the  membranous  part  of  the  septum. 
You  also  observe  that  it  is  composed  of  two  very  delicate  and 
brittle  plates  which  separate  from  each  other  at  the  axis.  In  the 
tympanic  scale  you  may  notice  the  orifices  of  the  canals  just 
alluded  to ;  they  are  separated  by  little  columns  of  bone  which 
give  rise  to  a  fluted  appearance,  shown  in  fig.  85.  These  columns 
themselves  are  made  up  of  bundles  of  little  tubes,  enclosing  the 
filaments  of  the  auditory  nerve. 

Fig.  86. 


Vestibular  scale 
T.ftTm'nfL  spiralis 

Tjmpanic  scale 
Cochlear  nerre . 


The  axis  (modiolus)  of  the  cochlea  is  conical. 
The  base  is  at  the  bottom  of  the  meatus  internus  ; 
the  apex  does  not  extend  beyond  the  second  turn  of  the  cochlea, 
and  joins  the  funnel  formed  by  the  last  coil.  The  axis  is 
composed  of  brittle  and  porous  bone,  and  its  interior  is  traversed 
hj  numerous  canals  which  transmit  the  cochlear  nerves  to  the 
lamina  spirali.s.  One  canal  {canalis  centralis  modioli),  larger 
than  the  rest,  runs  through  the  centre  of  the  axis,  and  opens  on 
it.s  summit,  that  is,  at  the  apex  of  the  funnel.  It  transmits  a  nerve 
to  the  last  turn  of  t,lie  lamina  spiralis. 

T  2 
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FoKAMiNA  AT  ^^^^  Hieatus  auditoiius  internus  is  situated  on 

THE  BOTTOM  OF  the  posteiioT  surface  of  the  petrous  bone.  Its 
thbMkatusAudi-    direction   is   nearly  horizontally  outwards;  its 

TOBIUS  iNTliENtJS.        .  , ,  i         ,       , ,  .    ,  , 

length,  about  three-eighths  of  an  inch.  Its 
diameter  varies  a  little  in  different  bones,  but  is  always  larger 
than  that  of  the  nerves  which  it  transmits. 

The  interval  between  the  nerves  and  their  bony  canal  is  occu- 
pied by  the  cerebro-spinal  fluid.  In  fractures  through  the  base  of 
the  skull,  involving  the  meatus,  this  fluid  sometimes  oozes  out 
through  the  external  ear.  Whenever  you  observe  this  after  an 
injmy  to  the  head,  be  on  your  guard.  In  thirteen  cases  of  injury 
to  the  head  admitted  into  St.  Bartholomew's  Hospital,  blood  or 
wateiy  fluid  flowed  from  the  ear.  Of  these  thirteen,  six  died,  and 
in  all  six  the  corresponding  petrous  bone  was  found  fractured.  In 
the  seven  cases  that  recovered,  five  had  bleeding  from  the  ear,  and 
two  only  had  a  discharge  of  fluid.  So  that  although  a  watery 
discharge  be  a  very  unfavourable  symptom,  it  is  not  necessarily  a 
fatal  one. 

By  cutting  away  the  greater  part  of  the  meatus,  as  we  have 
done  in  fig.  87,  you  find  that  the  bottom  of  it  is  divided  by  a 

Fig.  87. 

Aqueduotus  Fallopii. 

Openings  for  the  nei^es  to  the  utricle,  the  superior  and  external  semi- 
circular canals. 
Crest  of  bone. 

Openings  for  the  nerve  to  the  saccule. 

Opening  of  a  cannl  which  transmits  the  nerve  of  the  posterior  semi- 
cii'cular  canal. 

Lamina  cribrosa,  through  which  the  nerves  pass  to  the  cochlea, 


FORAMINA  at  THB  BOTTOM  OF  THE  EIGHT  MEATUS  AXTDITOErCS  INTEENUS. 

crest  of  bone  into  two  compartments  of  unequal  size,  an  upper 
and  a  lower.  In  the  upper  and  smaller  one,  there  are  two  open- 
ings, of  which  the  anterior  is  the  aqueductus  Fallopii  (transmitting 
the  facial  nerve)  ;  the  posterior,  when  examined  with  a  lens,  pre- 
sents a  number  of  minute  foramina  which  transmit  the  divisions  of 
the  vestibular  nerves  which  supply  the  utricle,  the  superior  and  the 
external  semicircular  canals. 


977 

THE  ANATOMY  OP  THE  EAE.  ' 

In  the  lower  and  larger  depression,  we  observe  the  base  of  the 
axis  of  the  cochlea,  termed  'lamina  cribrosa,'  because  it  has  a 
double  row  of  foramina  arranged  spirally,  as  shown  in  the  cut. 
Now  take  any  one  of  these  foramina,  which  appear  scarcely  larger 
than  the  point  of  a  pin,  magnify  it  with  a  lens,  and  you  find  that 
it  becomes  a  fossa  pierced  by  holes  varying  in  number  from  three 
to  seven.  So  fine  are  the  canals  which  transmit  the  filaments  of 
the  cochlear  nerve !  In  the  centre  of  the  lamina  is  the  orifice  of 
the -central  canal  of  the  axis,  which  is  the  largest  of  all.  Behind 
the  lamina  are  two  (sometimes  three)  openings  leading  to  minute 
perforations  which  transmit  the  nerve  to  the  '  saccule.'  Lastly, 


Fig.  88. 


Ampulla  of  superior  semicircular  canal 
Ampulla  of  external  semicircular  canal 


Utricle 
Saccule 


Ampulla  of  posterior  semicircular  canal 


MEMBRANOUS  lABTEINTH  AND  NEEVES  OF  THE  LEFT  EAH. 

on  the  posterior  wall  of  the  meatus  is  the  orifice  of  a  very  constant 
canal  (represented  by  the  dotted  outline)  which  gives  passage  to 
the  vestibular  nerve  of  the  posterior  semicircular  canal. 

The  membranous  labyrinth  comprises  the  two 
Labtbinth.  little   bladders,  termed  the  'utricle    and  the 

'saccule'  in  the  vestibule,  and  the  membranous  semicircular 
canals  together  with  part  of  the  cochlea.  It  floats  in  the  peri- 
lymph, and  contains  the  endolymph.  It  is  partly  represented 
in  fig.  88. 

The  utricle  occupies  the  upper  half  of  the  vesti- 
Utbici-b.  ^^^^^        .g  ygj.y  difficult  to  make  a  good  display 

of  it.  The  best  way  to  examine  it,  is  to  remove  very  carefully  the 
roof  of  the  vestibule  and  that  of  the  superior  semicircular  canal, 
and  then  to  put  the  preparation  into  water.  All  the  membranous 
semicircular  canals  open  into  it.    It  floats  free  in  the  perilymph 
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except  at  its  fossa,  the  '  fovea  hemielliptica,'  where  it  is  retained 
against  the  sieve-like  plate  of  bone  through  which  the  utricular 
nerves  enter.  The  utricle  sends  a  slender  canal  down  the  aque- 
ductus  vestibuli,  which  ends  in  a  blind  extremity  outside  that 
aqueduct  at  the  back  of  the  petrous  part  of  the  temporal  bone. 
This  canal  is  joined,  close  to  its  origin,  by  another  from  the  sac- 
cule. Thus  the  utricle  and  saccule  do  communicate,  though 
indirectly. 

Saccule  "^^^  saccule  is  smaller  than  the  utricle  and  situ- 

ated below  it,  close  to  its  appropriate  fossa,  the 
'  fovea  hemispherica.'  It  is  attached  to  this  fossa  by  the  saccular 
nerve  in  the  same  way  as  the  utricle  is  attached  by  nerve  filaments 
to  the  fovea  hemielliptica.  The  saccule  is  connected  with  the 
membranous  canal  of  the  cochlea  by  a  small  duct,  the  '  canalis 
unions.'  The  utricle  communicates  with  the  saccule  in  the  in- 
direct manner  just  described.  Hence  the  different  parts  of  the 
membranous  labyrinth  communicate  throughout,  like  the  same 
parts  in  the  bony  labyrinth. 

On  the  inner  wall  of  the  utricle  and  saccule,  at 

OTOLI'THS.  ' 

the  spot  where  the  nerves  spread  out  upon  them, 
is  a  small  mass  of  crystals  of  carbonate  of  lime.  The  two  masses 
are  the  '  otoconia '  or  '  otoliths,'  and  are  homologues  of  the  large 
white  '  ear-stones  '  seen  in  the  cod  and  whiting,  and  found  in  most 
of  the  osseous  fishes.* 

Membranous  The  membranous  semicircular  canals,  except  at 

Semicieculah        their  ampullae,  only  fill  about-one  third  the  space 

of  the  bony  canals  ;  the  remainder  is  occupied  by 
the  perilymph.  The  nerve  destined  to  each  membranous  ampulla 
spreads  out  only  on  that  surface  of  the  ampulla  which  is  towards 
the  convexity  of  the  rest  of  the  canal.  The  nerve  does  not  advance 
beyond  the  ampulla,  but  ramifies  on  a  crescent-shaped  septum 
(septum  transversum)  which  projects  into  the  interior. 

*  For  details  concorning  the  minuto  structure  of  the  vestibule  and  the  connection 
of  the  otoliths  with  certain  hair-like  bodies  belonging  to  the  nerve  filaments,  see  Dr. 
Urban  Pritchard's  paper  on  'The  Termination  of  the  Nerves  in  the  Vestibule  and 
Semicircular  Canals  of  Mammals.' — '  Quarterly  Journal  of  Microscopic  Science,' 
October  1876. 
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Mbsibbanous 
Cochlea. 


The  membranous  cochlea  forms  a  third  scale,  the 
'  scala  media '  or  '  canalis  '  or  '  ductus  cochlearis ' 
(fig.  89),  separating  the  scala  vestibuli  from  the  scala  tympani.  Its 
floor  is  attached  to  the  margin  of  the  bony  lamina  spiralis  (L.Sp.O. 
v.,  L.Sp.O.T.),  and  reaches  across  to  the  outer  wall  of  the  cochlea, 
to  which  it  is  attached  by  a  process  of  periosteum,  the  '  ligamentum 


Fig.  89. 


Ye  s^;■i>lul^ 


VERTICAL  SECnOS  OF  THE  FIRST  TUBN  OF  THE  COCHLEA,  SKOWING  THE  MEMBRANOUS 
COCHLEA  AND  THE  POSITION  OF  THE  ORGAN  OF  COETI.     AFTEK  WALDEYEB  AND  QUAIN. 


spirale '  (L.Sp.).  This  floor  is  named  '  membrana  basilaris,'  or '  mem- 
branous lamina  spiralis.'  The  roof  is  a  very  delicate  membranous 
lamina,  the  '  membrane  of  Reissner,'  it  is  turned  towards  the  vesti- 
bular «cale.  Hence  the  '  scala  media'  is  bounded  by  the  '  membrana 
basilaris,'  '  the  membrane  of  Reissner ' ;  and  the  segment  of  the 
outer  wall  of  the  cochlea  included  between  the  outer  attachments 
of  these  two  membranes.    This  '  canalis  cochlearis '  communicates 
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at  one  end  with  the  saccule  by  the  '  canalis  uniens,'  so  that  the 
endolymph  is  continuous  in  both  those  cavities ;  at  the  other  end, 
towards  the  apex  of  the  cochlea,  it  terminates  in  a  blind  extremity 
fixed  to  the  wall  of  the  cupola,  partly  bounding  the  helicotrema. 

Organ  of  this '  canalis  cochlearis,'  resting  on  the  'mem- 

CoRTi.  brana  basilaris,'  are  two  rows  of  cells  (fig.  89  O.C.), 

an  outer  and  an  inner,  leaning  towards  each  other,  so  that  there  is  a 
tunnel  (T.C.)  formed  between  them.  They  are  covered,  but  only 
partially,  by  a  membrane  (membrana  tectoria)  attached  to  the  edge 
of  the  bony  lamina  spiralis.  Their  singular  characters  and  very 
complicated  appendages  are  subjects  too  minute  to  be  described 
here.  A  full  description  of  this  '  organ  of  Corti,'  as  the  cells  are 
termed  collectively,  will  be  found  in  the  eighth  edition  of  '  Quain's 
Anatomy.' 

Probable  Use  ^^^^  Organ  is  arranged  on  the  principle  of  the 
OP  THE  Organ  of     cords  or  notes  of  a  musical  instrmnent,  so  that 

different  sets  of  certain  fine  appendages  to  its  cells 
may  vibrate  according  as  different  kinds  of  vibrations  are  trans- 
mitted from  without  to  the  labyrinth.  As  they  communicate  with 
nerves,  these  differences  can  thus  make  an  impression  on  the  brain. 
Hence,  by  means  of  the  organ  of  Corti,  we  can  distinguish  musical 
notes  and  the  refinements  of  tone  in  delicate  sounds,  the  remaining 
portions  of  the  labyrinth  being  sufficient  for  ordinary  hearing. 
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Aqueductus  cochlese  74 
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Fontanelles   27,  61 
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for  Jacobson's  nerve   76 
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vertebral    38 
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iliac   173 

jugular   75 

lachrymal   66 

myrliform   95 

nasal..-   131 

pituitary    78 

pterj'goid    83 

scaphoid    83 

spheno-maxillary   127 

tempoi-al    116 

zygomatic   127 

Fossa  of  skull    119 

occipital    59 

Fractures,  repair  of   36 

Frontal  bone   62 

sinus   62 

suture    68 

GLASERIAl?  fissure    70 

Glenoid  cavity  (scapula)    143 

Glenoid  cavity  (temporal  bone)   70 

Glottis    254 

Groove,  bicipital    146 

lachrymal    95,  101 

mylo-hyoid    110 

for  branch  of  nasal  nerve    100 

for  occipital  artery    70 

olfactory    86 

optic    81 

for  subclavian  artery    233 

HAilULAR  process  of  sphenoid..,  83 

Hamulus  (cochlea)   274 

Hamulus  (lachrymal  bone)   101 

Hand,  bones  of   159 

Haversian  caoals    14,  16 

interspaces    15 

lamellae   14 

system    15 

Helieotrema   274 

Hiatus  Fallopii    73 

Highmore,  antrum  of   92 

flngnier,  canal  of   70 

Hyoid  bone    242 

TLIAC  fossa   173 

JL    Ileo-p«ctinea,  linea    174 

Ileo  pectineal  eminence      175 

Ilium   173 

iDcns   270 

Inferior  maxillary  Ix^iiC    108 

spongy  bone   105 
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foramen   91 
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Ischium   177 

JAW,  buttresses  of  upper   136 

joint  of   Ill 

Jaw-bone,  lower    108 

upper   90 

J\igular  foramen    124 

fossa   75 

LACHRYMAL  bone   101 
fossa   66 

groove  95,  100 

process    106 

Lacunae  14,  19 

development  of   29 

Lamellse  of  bone    20 

Lamina  spiralis  261,  274 

Larynx   248 

Linea  aspera   195 

ileo-pectinea   174 

quadrati  194,  196 

MADDER,  experiments  with    34 

Magnum,  os    164 

Malar  bone    98 

Malleolus  exteruus    206 

internus    203 

Malleus   270 

Manubrium  of  sternum    229 

Marrow   9 

Mastoid  foramen    71 

portion  of  temporal  •. . . .  70 

process    70 

Meatus  auditorius  exiernus   71 

„       internus   73 

of  nose    132 

Mechanics  of  respiration   236 

Medullary  artery   H 

membrane      12 

Membrana  tympani   264 

Membranous  cochlea    279 

labyrinth    277 

semicircular  canals    278 

Mental  foramen    108 

Metacarpus    165 

MetivtarsuM    220 

Milk-dentition   94 

Modiolus    275 

Mylo-hyoid  groove    110 

ridge   1 09 
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fossae   ]31 
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Nerves  of  bone   12 

Nose,  meatus  of   132 

posterior  openings  of    115 

septum  of   133 

Notch,  of  acetabulum    igo 

ethmoidal   gg 

ischiatic,  greater    175 

»       lesser   175 

sigmoid  108,  112 

supra-orbital   65 

OCCIPITAL  bone   55 
crest   66 

Odontoid  process   44 

development  of   63 

Olecranon   156 

Olfactory  fossa   86 

groove    86 

Optic  foi'amen    81 

groove    81 

Orbits    128 

Orbital  foramina   88 

Organ  of  Corti   278 

Os  calcis    212 

Os  hyoides    242 

Os  innominatum    172 

Os  magnnm    164 

Os  orbiculare    270 

Os  planum   „   88 

Osseous  granules   21 

Ossification,  centres  of.   24 

in  cartilage    29 

in  membrane   27 

purpose  of  centres    26 

Osteoblasts   17,  28 

Otoliths    278 

PACCHIONIAN  glands  61,  116 
Palate,  arch  of   122 

Palate,  bone   102 

Palatine  canals,  accessory    104 

„     anterior..   96 

,,     posterior    103 

Parietal  bone    60 

foramen   61 

Patella   199 

Pelvic  arch    188 

Pelvis    187 

axes  of  i   190 

diameters  of   190 

obliquity  of    189 

sexual  differences  in   191 
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Phalanges  of  fingers  .-.  I68 

of  toes    223 

Phosphate  of  lime,  importance  of  4 

Pisiform  bone    i63 

Premaxillary  bone    97 

Process,  acromion   142 

alveolar  (lower  jaw)   109 

„     (upper  jaw)   93 

angular,  external  and  internal  65 

auditory   7J 

basilar    55 

clinoid   79  §2 

coohleariform    73 

coracoid   143 

coronoid,  of  jaw    112 

„       of  ulna    155 

ethmoidal    106 

bamular   33 

lachrymal   jog 

malar   97 

mastoid   70 

maxiUary   106 

nasal   95 

odontoid    44 

olecranon   '   156 

o'^'ary   [  73 

palatine   96 

parocoipital    53 

postglenoid    70 

pterygoid    83 

sphenoidal   105 

spinous  (of  ischium)   178 

„     (of  sphenoid)    82 

styloid,  fibula    205 

„     radius    153 

„     temporal  bone   74 

unciform    89 

vaginal,  of  sphenoid   81 

,,     of  temporal     76 

Pterygoid  processes   83 

Pubes    170 

P  ALIUS    151 

It    Kami  of  pubes   176 

Eamus  of  ischium   177 

lower  jaw   110 

Ribs    229 

Eidge,  mylo-hyoid    109 

superciliary    62 

Rima  glottidis   26-1 

SACCULE   278 
Saci'um   182 


INDEX. 


285 


SAN 

PAGE 
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Scala  media   278 

tympani   261,  27-t 

vestibuli    261 

Scaphoid  bone  of  carpus   162 

„     of  tarsus    215 

fossa    83 

Scapula   141 

Sella  turcica   78 

Semicircular  canals   261,  273 

Semilunar  bone   162 

Septum  of  nose   133 

Sesamoid  bones  ....170,  199,  217,  223 

Sigmoid  cavity,  radius   153 

cavities  ulna   155 

notch   108,  112 

Sinus,  meaning  of  the  term   56 

Skeleton,  general  survey  of   244 

Skull,  as  a  -whole   113 

base  of   119 

bones  of.   55 

buttresses  of ..    135 

cap   115 

general  observations  on    133 

lever  of  the  first  order   133 

Sphenoid  bone   77 

Spheno-maxillary  fissure   129 

fossa    127 

Spheno-palatine  foramen  104,  128 
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ethmoidal   78 

of  ilium,  anterior  and  posterior  1 75 

of  ischium   175 
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of  pubes    177 

of  scapula   142 
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Stapes    270 

Sternum   229 

Styloid  process,  fibula   205 

„       radius    153 

„      temporal  bone    74 

„       ulna    158 

Superciliary  ridge    62 

Superior  maxillary  bone   90 

„  buttresses  of  136 

Sutures  of  skull    113 

Symphysis,  lower  jaw   108 

pubis  '.   177 

sacro-iliac   174,  184 
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milk    94 
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Temporal  bone    68 
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Thorax    228 

Thyroid  cartilage   248 

foramen   178 

Tibia   201 
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Trapezium   163 
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Tubercle,  carotid   42 

of  clavicle   140 

of  radius    1 52 

of  a  rib   232 
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HISTOLOGY  AND  HISTO-CHEMISTRY  OF  MAN : 

A  Ti-eatise  on  the  Elements  of  Composition  and  Structure  of  the 
Human  Body,  by  Heineich  Feey,  Professor  of  Medicine  in  Zurich. 
Translated  from  the  Fourth  German  Edition  by  Aethite  E.  J. 
Baekee,  Assistant-Sui-geon  to  University  College  Hospital.  And 
Revised  by  the  Author.    8vo,  with  608  Engravings,  21s.  ^1874] 

HUMAN  PHYSIOLOGY: 

A  Treatise  designed  for  the  Use  of  Students  and  Practitioners  of 
Medicine,  by  John  C.  Dalton,  M.D.,  Professor  of  Physiology  and 
Hygiene  in  the  CoUege  of  Physicians  and  Sm-geons,  New  York.  Sixth 
Edition,  royal  8vo,  with  316  Engravings,  20s.  l^^^^l 

HANDBOOK  FOR  THE  PHYSIOLOGICAL  LABORATORY, 

by  E.  Klein,  M.D.,  F.R.S.,  Assistant  Professor  in  the  PathologicalLabo- 
ratoi-y  of  the  Brown  Institution,  London ;  J.  Bitrdon-Sandeeson, 
M.D.,  F.R.S.,  Professor  of  Practical  Physiology  in  University  College, 
London;  Michael  Fostee,  M.D.,  F.R.S.,  Prelector  of  Physiology 
in  Trinity  CoUege,  Cambridge;  and  T.  Laudee  Beunton,  M.D., 
F.R.S.,  Lecturer  on  Materia  Medica  at  St.  Bartholomew's  Hospital; 
edited  by  J.  Bttedon-Sandeeson.    8vo,  with  123  Plates,  24s.  [1873] 

PRACTICAL  HISTOLOGY : 

By  William  Rutheefoed,  M.D.,  Professor  of  the  Institutes  of 
Medicine  in  the  University  of  Edinburgh.  Second  Edition,  with 
63  Engravings.    Crown  8vo  (with  additional  leaves  for  notes),  ^^-^^gyg^ 

MANUAL  OF  ANTHROPOMETRY : 

A  Guide  to  the  Measurement  of  the  Human  Body,  containing  an 
Anthropomctrical  Chart  and  Register,  a  Systematic  Table  of  Mea- 
surements, &c.  By  Chaeles  Robeets,  F.R.C.S.,  late  Assistant 
Surgeon  to  the  Victoria  Hospital  for  Childien.  With  numerous 
Illustrations  and  Tables,   8vo,  68.  6d.  ^^7*^ 
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CATALOGUE  OP  EEGBNT  WORKS 


PEINCIPLES  OP  HUMAN  PHYSIOLOGY, 

by  W.  B.  Caepentee,  O.B.,  M.D.,  F.E.S.  Eiglith  Edition  by  Henet 
PowEE,  M.B.,  F.R.O.S.,  Examiner  in  Natural  Science,  University  of 
Oxford,  and  in  Natural  Science  and  Medicine,  University  of  Cambridge. 
8vo,  witb  3  Steel  Plates  and  371  Engravings,  31s.  6d.  [i876] 

STUDENTS'  GUIDE  TO  HUMAN  OSTEOLOGY, 

By  "William  Warwick  Wagstapfe,  P.E,.C.S.,  Assistant-Surgeon 
and  Lecturer  on  Anatomy,  St.  Thomas's  Hospital.  Witli  23  Plates 
and  66  Engravings.   Fcap.  8vo,  10s.  6d.  [18761 

LANDMARKS,  MEDICAL  AND  SURGICAL, 

By  LuTHEE  HoLDEN,  F.R.C.S.,  Member  of  tbe  Court  of  Examiners  of 
the  Royal  College  of  Surgeons.   Second  Edition,  8vo,  3s.  6d.  [1877] 

BT  THE  SAME  ATJTHOB. 

HUMAN  OSTEOLOGY: 

Comprising  a  Description  of  the  Bones,  with  Delineations  of  the 
Attachments  of  the  Muscles,  the  General  amd  Microscopical  Stracture 
of  Bone,  and  its  Development.  Fifth  Edition,  with  61  Lithographic 
Plates  and  89  Engravings.    8vo,  16s.  [18781 

PATHOLOGICAL  ANATOMY : 

Lectures  by  Samuel  Wilks,  M.D.,  F.R.S.,  Physician  to,  and  Lec- 
turer on  Medicine  at,  Guy's  Hospital;  and  "Waltee  Moxon,  M.D., 
F.R.C.P.,  Physician  to,  and  Lecturer  on  Materia  Medica  at,  Guy's 
Hospital.   Second  Edition,  8vo,  with  Plates,  18s.  [1875] 

PATHOLOGICAL  ANATOMY : 

A  Manual  by  0.  Handpield  Jones,  M.B.,  F.R.S.,  Physician  to  St. 
Mary's  Hospital,  and  Edwaeb  H.  Sieteking,  M.D.,  F.R.C.P., 
Physician  to  St.  Mary's  Hospital.  Edited  by  J.  P.  Payne,  M.D., 
F.R.C.P.,  Assistant  Physician  and  Lecturer  on  General  Pathology 
at  St.  Thomas's  Hospital.  Second  Edition,  crown  8vo,  with  195 
Engravings,  16s.  [1875] 

POST-MORTEM  EXAMINATIONS 

a  Description  and  Explanation  of  the  Method  of  Performing  them, 
with  especial  Reference  to  Medico-Legal  Practice.  By  Professor 
Rudolph  Viechow,  of  Berlin.   Fcap  8vo,  2s.  6d.  [1876] 

STUDENT'S  GUIDE  TO  SURGICAL  ANATOMY : 

a  Text-book  for  the  Pass  Examination,  by  E.  Bellamy,  F.R.C.S., 
Sui-geon  and  Lecturer  on  Anatomy  at  Chai-ing  Cross  Hospital.  Fcap 
8vo,  with  50  Engravings,  6s.  6d.  [1873] 

ANATOMY  OP  THE  JOINTS  OF  MAN, 

by  Heney  Moeeis,  F.R.C.S.,  Surgeon  to,  and  Lecturer  on  Anatomy 
and  Demonstrator  of  Operative  Surgery  at,  the  Middlesex  Hospital. 
With  44  Lithographic  Plates  (several  beingcoloured)  and  13  Wood 
Erigravinga.    8vo,  16s.  [1879] 

MEDICAL  ANATOMY, 

by  Feanois  Sibson,  M.D.,  F.R.C.P.,  F.R.S.  Imp.  folio,  with  21 
coloui-ed  Plates,  cloth,  42s.,  half -morocco,  50s.  [i^'"^ 
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PRACTICAL  ANATOMY : 

a  Manual  of  Dissections  by  Cheistophee  Heath,  F.R.CS.,  Surgeon 
to  University  College  Hospital,  and  Holme  Professor  of  Surgery  in 
University  College.  Foxu-tli  Edition,  crown  8vo,  with  16  Coloured 
PIat«8  and  264  Engi-avings,  14s.  ^'^^'^'^ 
AN  ATLAS  OF  HUMAN  ANATOMY: 

illustrating  most  of  the  ordinary  Dissections,  and  many  not  usually 
practised  by  the  Student.  To  be  completed  in  12  or  13  Bi-monthly 
Parts,  each  containing  4  Coloured  Plates,  with  Explanatory  Text.  By 
RiCKMAN  J.  GODLEE,  M.S.,  F.R.C.S.,  Assistant  Surgeon  to  University 
College  Hospital,  and  Senior  Demonstrator  of  Anatomy  in  University 
College.  Pai-ts  I  to  VII.  Imp.  4to,  7s.  6d.  each  Part.  [1877-9] 
THE  ANATOMIST'S  VADE-MECUM : 

a  System  of  Hiunan  Anatomy  by  Eeasmtjs  Wilson,  F.R.O.S.,  F.R.S. 
Ninth  Edition,  by  G.  Buchanan,  M.A.,  M.D.,  Professor  of  Clinical 
Surgery  in  the  University  of  Glasgow,  and  Henet  E.  Claek,  F.F.P.S., 
Lecturer  on  Anatomy  at  the  Glasgow  Royal  Infirmary  School  of 
Medicine.  Crown  8vo,  with  371  Engravings,  14s.  ^^^^ 
ATLAS  OF  TOPOGRAPHICAL  ANATOMY, 

after  Plane  Sections  of  Frozen  Bodies.  By  Wilhelm  Beatine, 
Professor  of  Anatomy  in  the  University  of  Leipzig.  Translated  by 
Edwaed  Bellamy,  F.R.O.S.,  Surgeon  to,  and  Lecturer  on  Anatomy, 
&c.,  at.  Charing  Cross  Hospital.  With  34  Photo-Hthographic  Plates 
and  46  Woodcuts.  Large  Imp.  8vo,  40s.  ^^^''^ 
THE  ANATOMICAL  REMEMBRANCER; 

or.  Complete  Pocket  Anatomist.  Eighth  Edition,  32mo,  3s.  6d.  t^S'^] 
THE  STUDENT'S  GUIDE  TO  THE  PRACTICE  OF  MEDICINE, 
by  Matthew  Chaeteeis,  M.D.,  Professor  of  Medicine  in  Anderson's 
College,  and  Lecturer  on  Clinical  Medicine  in  the  Royal  Infirmary, 
Glasgow.  Second  Edition,  with  Engravings  on  Copper  and  Wood, 
fcap.  8vo,  6s.  6d. 
THE  MICROSCOPE  IN  MEDICINE, 

by  Lionel  S.  Beale,  M.B.,  F.R.S.,  Physician  to  King's  CoUege 
Hospital.    Fourth  Edition,  with  86  Plates,  8vo,  21s.  1^877] 
HOOPER'S  PHYSICIAN'S  VADE-MECUM ; 

or.  Manual  of  the  Principles  and  Practice  of  Physic,  Ninth  Edition 
by  W.  A.  Gut,  M.B.,  F.R.S.,  and  John  Haeley,  M.D.,  F.R.C.P. 
Fcap  8vo,  with  Engravings,  12s.  6d.  1^^^^*^ 
A  NEW  SYSTEM  OF  MEDICINE; 

entitled  Recognisant  Medicine,  or  the  State  of  the  Sick,  by 
Bholakoth  Bose,  M.D.,  Indian  Medical  Service.   8vo,  10s.  6d.  C1877] 

BY  THK  SAME  AUTHOK. 

PRINCIPLES  OP  RATIONAL  THERAPEUTICS. 

Commenced  as  an  Inquiry  into  the  Relative  Value  of  Quinine  and 
Arsenic  in  Ague.  Svo,  48.  ^^^"^^ 
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THE  STUDENT'S  GUIDE  TO  MEDICAL  DIAGNOSIS, 

by  Samuel  Fenwick,  M.D.,  E.E.C.P.,  Physician  to  the  London 
Hospital.  Fourth  Edition,  fcap.  8vo,  with  106  Engravings,  6b.  6d.  P*?*] 

A  MANUAL  OF  MEDICAL  DIAGNOSIS, 

by  A.  "W.  Barclay,  M.D.,  F.R.C.P.,  Physician  to,  and  Lecturer  on 
Medicine  at,  St.  George's  Hospital.   Thii-d  Edition,  fcap  8vo,  10s.  6d. 

[1876] 

CLINICAL  MEDICINE : 

Lectures  and  Essays  by  Balthazar  Foster,  M.D.,  F.R.C.P.  Lond., 
Professor  of  Medicine  in  Queen's  College,  Birmingham.    8vo,  10s.  6d. 

[1874] 

CLINICAL  STUDIES: 

Illustrated  by  Cases  observed  in  Hospital  and  Private  Practice,  by  Sir 
J.  Rose  Cormack,  M.D.,  F.R.S.B.,  Physician  to  the  Hertford  British 
Hospital  of  Paris.    2  vols.,  post  Bvo,  20s.  [1876] 

CLINICAL  REMINISCENCES: 

By  Peyton  Blakiston,  M.D.,  F.R.S.   Post  Svo,  3b.  6d.  CWS] 

ROTLE'S  MANUAL  OP  MATERIA  MEDICA  AND  THERAPEUTICS. 
Sixth  Edition  by  John  Harley,  M.D.,  F.R.C.P.,  Physician  to,  and 
Joint  Lecturer  on  Clinical  Medicine  at,  St.  Thomas's  Hospital.  Crown 
Svo,  with  139  Engravings,  15s.  [1876] 

PRACTICAL  THERAPEUTICS : 

A  Manual  by  E.  J.  Waring,  M.D.,  F.R.C.P.  Lond.  Third  Edition, 
fcap  Bvo,  12s.  6d.  [1871] 

THE  ELEMENTS  OF  THERAPEUTICS. 

A  CUnical  Guide  to  the  Action  of  Dmgs,  by  C.  BiNZ,  M.D.,  Professor 
of  Pharmacology  in  the  University  of  Bonn.  Translated  and  Edited 
with  Additions,  in  Conformity  with  the  British  and  American  Phar- 
macopoeias, by  Edward  I.  Sparks,  P.R.C.P.,  M.A.,  M.B.  Oxon., 
formerly  Radcliffe  Ti-avelling  Fellow.    Crown  Svo,  8s.  6d.  0877] 

THE  STUDENT'S  GUIDE  TO  MATERIA  MEDICA, 

by  John  C.  Thorowgood,  M.D.,  F.R.C.P.  Lond.,  Physician  to  the 
City  of  London  Hospital  for  Diseases  of  the  Chest.  Fcap  Svo,  with 
Engravings,  6s.  6d.  [1874] 

THE  NATIONAL  DISPENSATORY : 

containing  the  Natural  History,  Chemistry,  Pharmacy,  Actions  and 
Uses  of  Medicines,  including  those  recognised  in  the  Phai-macopoeias 
of  the  United  States  and  Great  Britain,  by  Alfred  Stille,  M.D., 
LL.D.,  and  John  M.  Maisch,  PJi.D.,  with  201  Engravings,  1628  pp., 
Svo.,  34.8.  [1879] 

DENTAL  MATERIA  MEDICA  AND  THERAPEUTICS, 

Elements  of,  by  James  Stocken,  L.D.S.R.C.S.,  Lecturer  on  Dental 
Materia  Medica  and  Therapeutics  to  the  National  Dental  Hospital. 
Second  Edition,  Fcap  Svo,  6s.  6d.  C18"«] 
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THE  DISEASES  OF  CHILDREN : 

A  Pi-acticiJ  Manual,  witli  a  Formulary,  by  Edward  Ellis,  M.D., 

late  Senior  Physician  to  the  Yictoria  Hospital  for  Children.  Third 

Edition,  crown  Svo,  7s.  6d.  1^^^^^^ 

THE  WASTING  DISEASES  OF  CHILDREN, 

by  Eustace  Smith,  M.D.,  F.R.C.P.  Lond.,  Physician  to  the  King  of 
the  Belgians,  Physician  to  the  East  London  Hospital  for  Children. 
Third  Edition,  post  Svo,  8s.  6d.  f^^^^^ 

BY  THE  SAME  AUXHOE, 

CLINICAL  STUDIES  OF  DISEASE  IN  CHILDREN. 

Post  8to,  7s.  6d.  ^^876] 

INEANT?  FEEDING  AND  ITS  INFLUENCE  ON  LIFE ; 

or,  the  Causes  and  Prevention  of  Infant  Mortality,  by  Charles  H.  F. 
RouTH,  M.D.,  Senior  Physician  to  the  Samaritan  Hospital  for  Women 
ajid  Children.   Thii-d  Edition,  fcap  Bvo,  7s.  6d.  fisre] 

COMPENDIUM  OF  CHILDREN'S  DISEASES  : 

A  Handbook  for  Practitioners  and  Students,  by  Johann  Steiner, 
M.D.,  Professor  in  the  University  of  Prague.  Translated  from  the 
Second  Gei-man  Edition  by  Lawson  Tait,  F.R.C.S.,  Surgeon  to  the 
Binningham  Hospital  for  Women.   Svo,  12s.  6d.,  [187^3 

THE  DISEASES  OF  CHILDREN: 

Essays  by  William  Henry  Day,  M.D.,  Physician  to  the  Samaritan 
Hospital  for  Diseases  of  Women  and  Children.  SecondEdition,  fcap  Svo. 

^  [In  the  Press.] 

PUERPERAL  DISEASES: 

Clinical  Lectui'es  by  Fordyce  Barker,  M.D.,  Obstetric  Physician 
to  Bellevue  Hospital,  New  York.    Svo,  15s.  C1874] 

THE  STUDENT'S  GUIDE  TO  THE  PRACTICE  OF  MIDWIFERY, 
by  D.  Lloyd  Roberts,  M.D.,  F.R.C.P.,  Physician  to  St.  Mai-y's  Hos- 
pital, Manchester.    Second  Edition,  fcap.  Svo,  with  96  Engravings,  7s. 
^  [1879J 

OBSTETRIC  MEDICINE  AND  SURGERY, 

Their  Principles  and  Practice,  by  F.  H.  Ramsbotham,  M.D.,  F.R.C.P. 
Fifth  Edition,  Svo,  with  120  Plates,  22s.  [1867] 

OBSTETRIC  SURGERY: 

A  Complete  Handbook,  giving  Short  Rules  of  Practice  in  every  Emer- 
gency, from  the  Simplest  to  the  most  Formidable  Operations  connected 
with  the  Science  of  Obstetricy,  by  Charles  Clay,  Ext.L.R.C.P.  Lond., 
L.R.C.S.E.,  late  Senior  Surgeon  and  Lectiu-er  on  Midwifery,  St. 
Mary's  Hospital,  Manchester.    Fcap  Svo,  with  91  Engravings,  Gs.  6d. 

[187i] 

SCHROEDER'S  MANUAL  OF  MIDWIFERY, 

including  the  Pathology  of  Pregnancy  and  the  Puerperal  State. 
Translated  by  Chables  H.  Carter,  B.A.,  M,D.  Svo,  with  Engrav- 
ings, 12s.  6d.  [1873] 
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CATALOGUE  OF  EBCENT  WOEKS 


OBSTETRIC  OPERATIONS, 

including  the  Treatment  of  Hasmorrliage,  and  forming  a  Guide  to  the 
Management  of  Difficult  Labour;  Lectures  by  Robert  Barnes,  M.D., 
E.R.C.P.,  Obstetric  Physician  to  St.  George's  Hospital.  Thii-d  Edition, 
8vo,  with  124  Engi-avings,  18s.  [1875] 

BY  THE  SAME  ATTTHOD, 

MEDICAL  AND  SURGICAL  DISEASES  OP  "WOMEN : 

a  Clinical  History.    Second  Edition,  8vo,  with  181  Engravings,  28s. 

L1878] 

LECTURES  ON  THE  DISEASES  OP  WOMEN, 

by  Charles  "West,  M.D.,  F.R.C.P.  Fourth  Edition,  Revised  and  in 
part  Re-written  by  the  Author,  with  numerous  Additions  by  J.  Mat- 
thews Duncan,  M.D.,  Obstetric  Physician  to  St.  Bartholomew's 
Hospital.   8vo,  16s.  [1879] 

THE  PRINCIPLES  AND  PRACTICE  OP  GYNECOLOGY, 

by  Thomas  Addis  Emmet,  M.D.,  Surgeon  to  the  Woman's  Hospital 
of  the  State  of  New  York.    "With  130  Engravings,  royal  8vo,  24s.  [1879] 

THE  STUDENT'S  GUIDE  TO  THE  DISEASES  OP  "WOMEN, 

by  Alfred  L.  Galabin,  M.D.,  F.R.C.P.,  Assistant  Obstetric 
Physician  to  Guy's  Hospital.    "With  63  Engravings,  fcap.  8vo,  7s.  6d. 

[1879] 

OBSTETRIC  APHORISMS: 

for  the  Use  of  Students  commencing  Midwifery  Practice,  by  J.  G. 
Swatne,  M.D.,  Oonsultiag  Physician-Accoucheui'  to  the  Bristol 
General  Hospital.    Sixth  Edition,  fcap.  8vo,  with  Engravings,  3s.  6d. 

[1876] 

A  HANDBOOK  OP  UTERINE  THERAPEUTICS, 

and  of  Diseases  of  "Women,  by  E. ,  J.  Tilt,  M.D.,  M.R.C.P.  Fourth 
Edition,  post  8vo,  10s.  [1878] 

BT  THE  SAME  AT7TH0B, 

THE  CHANGE  OF  LIFE 

in  Health  and  Disease :  a  Practical  Treatise  on  the  Nervous  and  other 
Affections  incidental  to  "Women  at  the  Decline  of  Life.  Thii-d  Edition, 
8vo,  10s.  6d.  fiwoj 

DISEASES  OP  THE  OVARIES : 

their  Diagnosis  and  Treatment,  by  T.  Spencer  "Wells,  F.R.C.S., 
Surgeon  to  the  Queen's  Household  and  to  the  Samaritan  Hospital. 
8vo,  with  about  150  Engravings,  21s.  C1872J 

PRACTICAL  GYNAECOLOGY : 

A  Handbook  of  the  Diseases  of  "Women,  by  Heywood  Smith,  M.D, 
Oxon.,  Physician  to  the  Hospital  for  "Women  and  to  the  British  Lying- 
in  Hospital.    "With  Engravings,  crown  8vo,  5s.  6d.  0*^^ 

RUPTURE  OF  THE  FEMALE  PERINEUM, 

Its  treatment,  immediate  and  remote,  by  George  G.  Bantock.M.D., 
Surgeon  (for  In-patients)  to  the  Samaritan  Free  Hospital  for  "Women 
and  Children.    "With  2  plates,  8vo,  3s.  Gd.  [1878] 
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PAPERS  ON  THE  FEMALE  PERHSTEUM,  &c., 

bv  James  Matthews  Duncan,  M.D.,  Obstetric  Physician  to  St.  Bar- 

n  8781 

tholomew's  Hospital.    8vo,  63. 

INFLUENCE  OF  POSTURE  ON  WOMEN 

In  Gynecic  and  Obstetric  Practice,  by  J.  H.  Aveling,  M.D.,  Physi- 
cian to  the  Chelsea  Hospital  for  Women,  Vice-President  of  the 
Obstetrical  Society  of  London.    8vo,  6s.  1^^^^^^ 

A  MANUAL  FOR  HOSPITAL  NURSES 

and  others  engaged  in  Attending  on  the  Sick  by  Edward  J.  DOM- 
TiLLE,  L.R.C.P.,  M.R.C.S.,  Surgeon  to  the  Exeter  Lying-in  Charity. 
Third  Edition,  crown  8vo,  2s.  6d.  "^^^^^^ 

THE  NURSE'S  COMPANION: 

A  Manual  of  General  and  Monthly  Nursing,  by  Charles  J .  Culling- 
WOETH,  Surgeon  to  St.  Mary's  Hospital,  Manchester.  Fcap.  8vo, 
2s.  6d.  '''''' 

LECTURES  ON  NURSING, 

by  William  Robert  Smith,  M.B.,  Honorary  Medical  Ofiacer, 
Hospital  for  Sick  Childi-en,  Sheffield.  Second  Edition,  with  26  En- 
gravings.   Post  8vo,  6s.  '^^'^^^ 

HANDBOOK  FOR  NURSES  FOR  THE  SICK, 

by  Zepherina  P.  Yeitch.    Second  Edition,  crown  8vo,  3s.  6d.  [1876] 

A  COMPENDIUM  OP  DOMESTIC  MEDICINE 

and  Companion  to  the  Medicine  Chest ;  intended  as  a  Source  of  Easy 
Reference  for  Clergymen,  and  for  Families  residing  at  a  Distance 
from  Professional  Assistance,  by  John  Savory,  M.S.A.  Ninth 
Edition,  12mo,  5s.  "^^^^^ 

HOSPITAL  MORTALITY 

being  a  Statistical  Investigation  of  the  Returns  of  the  Hospitals  of 
Great  Britain  and  L-eland  for  fifteen  years,  by  Lawbon  Tait,  F.R.C.S., 
F.S.S.   8vo,  88. 6d.  .  ^^^'^ 

THE  COTTAGE  HOSPITAL: 

Its  Origin,  Progress,  Management,  and  Work,  by  Henry  C.  Btjrdett, 
the  Seaman's  Hospital,  Greenwich.  With  Engravings,  crown  8vo, 
7s.  6d. 

WINTER  COUGH : 

(Catarrh,  Bronchitis,  Emphysema,  Asthma),  Lectures  by  Horace 
Dobell,M.D.,  Consulting  Physician  to  the  Royal  Hospital  for  Diseases 
of  the  Chest.    Third  Edition,  with  Coloured  Plates,  8vo,  lOs.  6d.  P875] 

BY  THE  SAME  ATJTDOE, 

LOSS  OF  WEIGHT,  BLOOD-SPITTING,  AND  LUNG  DISEASE. 
With  Chromo-lithograph,  8vo,  lOs.  6d.  [1^8]' 

INJURIES  AND  DISEASES  OF  THE  LYMPHATIC  SYSTEM, 

by  S.  Messenoer  Bradley,  F.R.C.S.,  Lecturer  on  Practical  Surgery 
in  Owen's  College,  Manchester.    8vo.,  5s.  [^870] 
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CONSUMPTION" : 

Its  Nature,  Symptoms,  Causes,  Prevention,  Curability,  and  Treatment. 
By  Petee  Gowan,  M.D.,  B.  Sc.,  lato  Physician  and  Surgeon  in 
Ordinary  to  the  King  of  Siam.    Crown  8vo.  5s.  [1878J 

NOTES  ON  ASTHMA ; 

its  Forms  and  Treatment,  by  John  C.  Thoeowgood,  M.D.  Lond., 
F.R.C.P.,  Physician  to  the  Hospital  for  Diseases  of  the  Chest,  Victoria 
Park.    Third  Edition,  ci-own  8vo,  4s.  6d.  [1878] 

ASTHMA 

Its  Pathology  and  Treatment,  by  J.  B.  Beekart,  M.D.,  Assistant 
Physician  to  the  City  of  London  Hospital  for  Diseases  of  the  Chest. 
8vo,  7s.  6d.  i;i878] 

PEOGNOSIS  IN  CASES  OF  VALVULAR  DISEASE  OF  THE 
Heart,  by  Thomas  B.  Peacock,  M.D.,  F.R.C.P.,  Honorary  Consult- 
ing Physician  to  St.  Thomas's  Hospital.    Svo,  3s.  6d.  [1877] 

DISEASES  OF  THE  HEART : 

Their  Pathology,  Diagnosis,  Prognosis,  and  Treatment  (a  Manual), 
by  Robert  H.  Semple,  M.D.,  F.R.C.P.,  Physician  to  the  Hospital  for 
Diseases  of  the  Throat.    Svo,  8s.  6d.  [1876] 

CHRONIC  DISEASE  OF  THE  HEART : 

Its  Bearings  upon  Pregnancy,  Parturition  and  Childbed.  By  Angus 
Macdonald,  M.D.,  F.R.S.E.,  Physician  to,  and  Clinical  Lecturer  on 
the  Diseases  of  Women  at,  the  Edinburgh  Royal  Infirmary.  With 
Engravings,  8vo,  8s.  6d.  [1878] 

PHTHISIS : 

In  a  series  of  Clinical  Studies,  by  Austin  Flint,  M.D.,  Professor  of 
the  Piinciples  and  Practice  of  Medicine  and  of  Clinical  Medicine  in 
the  Bellevue  Hospital  Medical  College.   8vo,  16s.  [1875] 

BX  THE  SAME  AUTHOE, 

A  MANUAL  OF  PERCUSSION  AND  AUSCULTATION, 

of  the  Physical  Diagnosis  of  Diseases  of  the  Lungs  and  Heart,  and  of 
Thoracic  Anem-ism.    Post  Svo,  6s.  6d.  [1876] 

DIPHTHERIA: 

its  Nature  and  Treatment,  Varieties,  and  Local  Expressions,  by 
MoEELL  Mackenzie,  M.D.,  Physician  to  the  Hospital  for  Diseases  of 
the  Throat.    Crown  Svo,  5s.  [1878] 

DISEASES  OF  THE  HEART  AND  AORTA, 

By  Thomas  Hayden,*^  F.K.Q.C.P.  Irel.,  Physician  to  the  Mater 
MisericordisG  Hospital,  Dublin.    With  80  Engravings.    Svo,  25s.  [1875] 

DISEASES  OF  THE  HEART 

and  of  the  Lungs  in  Connexion  therewith— Notes  ajxd  Obsei"vations 
by  Thomas  Shaptee,  M.D.,  F.R.C.P.  Lond.,  Senior  Physician  to  the 
Devon  and  Exeter  Hospital.    Svo,  7s.  6d.  PW] 
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DISEASES  OP  THE  HEART  AND  AORTA : 

Clinical  Lectures  by  George  "W.  Balfour,  M.D.,E.R.0.P.,  Physician 
to,  and  Lectm-er  on  Clinical  Medicine  in,  the  Royal  Infirmaiy,  Edin- 
burgh.   8vo,  -with  Engravings,  12s.  6d.  ^^^''^^ 

PHYSICAL  DIAGNOSIS  OF  DISEASES  OP  THE  HEART. 

Lectures  by  Arthur  E.  Sansom,  M.D.,  F.R.O.P.,  Assistant  Physician 
to  the  London  Hospital.  Second  Edition,  with  Engravings,  f cap.  8vo, 

4s.  6d. 
TRACHEOTOMY, 

especially  in  Relation  to  Diseases  of  the  Larynx  and  Trachea,  by 
PuGiN  Thornton,  M.R.C.S.,  late  Sm-geon  to  the  Hospital  for  Diseases 
of  the  Throat.   With  Photographic  Plates  and  Woodcuts,  8vo,  5s.  6d. 

[1876] 

SORE  THROAT: 

Its  Nature,  Varieties,  and  Treatment,  including  the  Connexion 
between  Affections  of  the  Throat  and  other  Diseases.  By  Prossee 
James,  M.D.,  Lectui-er  on  Materia  Medica  and  Therapeutics  at  the 
London  Hospital,  Physician  to  the  Hospital  for  Diseases  of  the  Throat. 
Third  Edition,  with  Coloured  Plates,  5s.  6d.  P^'^'^J 

LECTURES  ON  SYPHILIS  OF  THE  LARYNX 

(Lesions  of  the  Secondary  and  Intel-mediate  Stages),  by  W.  Macneill 
Whistler,  M.D.,  Physician  to  the  Hospital  for  Diseases  of  the  Throat 
and  Chest.   Post  8vo,  4s.  ^1879] 

WINTER*  AND  SPRING 

on  the  Shores  of  the  Mediterranean.  By  Henry  Bennet,  M.D. 
Fifth  Edition,  post  8vo,  with  numerous  Plates,  Maps,  and  Engravings, 
12s.  6d. 

BY  THE  SAME  ATJTHOE, 

TREATMENT  OF  PULMONARY  CONSUMPTION 

by  Hygiene,  Climate,  and  Medicine.  Thii'd  Edition,  8vo,  7s.  6d.  Lis/S] 

PRINCIPAL  HEALTH  RESORTS  ^  • 

of  Europe  and  Africa,  and  their  Use  in  the  Ti-eatment  of  Chronic 
Diseases.  A  Handbook  by  Thomas  More  Madden,  M.D.,  M.R.I.A., 
Vice-President  of  the  Dublin  Obstetrical  Society.    8vo,  lOs.  [1876] 

THE  BATH  THERMAL  WATERS : 

Historical,  Social,  and  Medical,  by  John  Kent  Spender,  M.D., 
Surgeon  to  the  Mineral  Water  Hospital,  Bath.  With  an  Appendix 
on  the  Climate  of  Bath  by  the  Rev.  L.  Blomefield,  M.A.,  F.L.S., 
F.G.S.    8vo,  7s.  6d.  f^^"] 

THE  BATH  WATERS : 

Their  Uses  and  Effects  in  the  Cure  and  Relief  of  various  Chronic 
Diseases.  By  James  Tunstall,  M.D.  Fifth  Edition,  revised,  and 
in  part  re-written,  by  Richard  Carter,  M.D.,  Surgeon  to  the  Bath 
Mineral  Hospital.    Post  8vo,  2s.  Gd.  [^9] 

ENDEMIC  DISEASES  OF  TROPICAL  CLIMATES, 

with  their  Treatment,  by  John  Sullivan,  M.D.,  M.R.C.P.   Post  8vo, 

68. 
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DISEASES  OF  TROPICAL  CLIMATES 

and  their  Treatment :  witli  Hints  for  the  Presei-vation  of  Health  in  the 
Tropics,  by  James  A.  Hobton,  M.D.,  Surgeon-Major,  Army  Medical 
Department.    Second  Edition,  post  8vo,  12s.  6d.  [1679] 

HEALTH  IN  INDIA  FOR  BRITISH  WOMEN 

and  on  the  Prevention  of  Disease  in  Tropical  Climates  by  Edwaed  J. 
Tilt,  M.D.    Fourth  Edition,  cro^vn  8vo,  5s.  [1876] 

BAZAAR  MEDICINES  OF  INDIA 

and  Common  Medical  Plants :  Remarks  on  their  Uses,  with  Full  Index 
of  Diseases,  indicating  their  Treatment  by  these  and  other  Agents  pro- 
crurable  throughout  India,  &c.,  by  Edwaed  J.  Waeing,  M.D.,  F.R.C.P. 
Third  Edition.    Foap  8vo,  5s.  [1875] 

SOME  AFFECTIONS  OF  THE  LIVER 

and  Intestinal  Canal ;  with  Remarks  on  Ague  and  its  Sequelae,  Scui-vy, 
Purpura,  &c.,  by  Stephen  H.  "Waed,  M.D.  Lond.,  F.R.C.P.,  Physician 
to  the  Seamen's  Hospital,  Greenwich.    8vo,  7s.  [1872] 

DISEASES  OF  THE  STOMACH : 

The  Varieties  of  Dyspepsia,  their  Diagnosis  and  Treatment.  By 
S.  O.  Habeeshon,  M.D.,  F.R.C.P.,  Senior  Physician  to  Guy's  Hos- 
pital.   Third  Edition,  crown  Bvo,  5s.  [1879] 

BY  THE  SAME  AUTHOE, 

PATHOLOGY  OF  THE  PNEUMOGASTRIC  NERVE, 

being  the  Lumleian  Lectures  for  1876.    Post  8vo,  3s.  6d.  ^877] 

Also, 

DISEASES  OF  THE  ABDOMEN, 

comprising  those  of  the  Stomach  and  other  parts  of  the  Alimentary 
Canal,  (Esoj)hagus,  Ca3cum,  Intestines,  and  Peritoneum.  Third 
Hdition,  with  5  Plates,  8to,  21s.  [1878] 

LECTURES  ON  DISEASES  OF  THE  NERVOUS  SYSTEM, 

by  Samuel  Wilks,  M.D.,  F.R.S.,  Physician  to,  and  Lecturer  on 
Medicine  at,  Guy's  Hospital.    8vo,  15s.  P878] 

NERVOUS  DISEASES: 

their  Description  and  Treatment,  by  Allen  McLane  Hamilton.M.D., 
Physician  at  the  Epileptic  and  Paralytic  Hospital,  Blackwell's  Island, 
New  York  City.    Roy.  8vo,  with  53  Illustrations,  14s.  [1878] 

NUTRITION  IN  HEALTH  AND  DISEASE : 

A  Contribution  to  Hygiene  and  to  Clinical  Medicine.  By  Henet 
Bennet,  M.D.  Third  (Library)  Edition.  8vo,  7s.  Cheap  Edition, 
Fcap.  8vo,  2s.  6d.  [1877] 

HEADACHES: 

their  Causes,  Nature,  and  Treatment.  By  William  H.  Day,  M.D., 
Physician  to  the  Samaritan  Free  Hospital  for  Women  and  Children. 
Second  Edition,  crown  8vo,  with  Engravings.    Gs.  6d.  '^1878] 
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FOOD  AND  DIETETIOS, 

Physiologically  and  Therapeutically  Considered.   By  Fredeeick  W  . 

PAvr,  M.D.,  F.R.S.,  Physician  to  Guy's  Hospital.    Second  Edition, 
'  [1875] 

8vo,  15s. 

BY  THE  SAME  AUTHOR. 

CERTAIN  POINTS  COiNNEOTED  WITH  DIABETES 
(Croonian  Lectiu-es).    8vo,  4s.  6d. 

IMPERFECT  DIGESTION : 

its  Causes  and  Treatment  by  Arthur  Leae;ed,  M.D.,  F.R.C.P., 
Senior  Physician  to  the  Great  Noi-them  Hospital.  Sixth  Edition, 
fcap  Svo,  4s.  6d. 

MEGRIM,  SICK-HEADACHE, 

and  some  Allied  Disorders  :  a  Conti-ibution  to  the  Pathology  of  Nei-ve- 
Storms,  by  Edward  Liveing,  M.D.  Cantab.,  F.R.C.P.,  Hon.  Fellow 
of  King's  College,  London.    Svo,  with  Coloured  Plate,  15s.  ^18733 

THE  SYMPATHETIC  SYSTEM  OF  NERVES : 

theii-  Physiology  and  Pathology,  by  A.  Etjlenbtjrg,  Professor  of 
Medicine,  University  of  Greifswald,  and  Dr.  P.  Guttmann,  Privat 
Docent  in  Medicine,  University  of  Berlin.  Translated  by  A.  Napier, 
M.D.,  F.F.P.S    Svo,  5s.  ^^^''^^ 

RHEUMATIC  GOUT, 

or  Chronic  Rheumatic  Ai'thritis  of  aU  the  Joints;  a  Treatise  by 
Robert  Adams,  M.D.,  M.R.I. A.,  late  Surgeon  to  H.M.  the  Queen  in 
Ireland,  and  Regius  Professor  of  Surgery  in  the  University  of  Dublin. 
Second  Edition,  Svo,  with  Atlas  of  Plates,  21s.  ^^^'^^^ 

GOUT,  RHEUMATISM, 

and  the  AUied  Affections;  with  a  chapter  on  Longevity  and  the 
Causes  Antagonistic  to  it,  by  Peter  Hood,  M.D.  Second  Edition, 
crown  ovo,  10s.  bd. 

RHEUMATISM : 

Notes  by  Julius  Pollock,  M.D.,  F.R.O.P.,  Senior  Physician  to,  and 
Lecturer  on  Medicine  at.  Charing  Cross  Hospital.  Second  Edition, 
with  Engravings,  fcap.  Svo,  3s.  6d. 

CERTAIN  FORMS  OF  CANCER, 

with  a  New  and  successful  Mode  of  Treating  it,  to  which  is  prefixed  a 
Practical  and  Systematic  Description  of  all  the  varieties  of  this  Disease, 
by  Alex.  Marsden,  M.D.,  F.R.C.S.E.,  Consulting  Surgeon  to  the 
Royal  Free  Hospital,  and  Senior  Surgeon  to  the  Cancer  Hospital. 
Second  Edition,  with  Coloured  Plates,  Svo,  8s.  6d.  [1873] 

ATLAS  OF  SKIN  DISEASES  -. 

a  scrica  of  Ilhistrations,  with  Descriptive  Text  and  Notes  upon  Treat- 
ment. By  Tilbury  Fox,  M.D.,  F.R.C.P.,  Physician  to  the  Department 
for  Slfin  Di-ycases  in  University  College  Hospital.  With  72  Coloured 
Plates,  royal  4to,  half  morocco,  CO  Gs.  [isiTi 
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LECTURES  ON  DERMATOLOGY : 

delivered  at  the  Royal  College  of  Surgeons,  by  Eeasmtis  Wilson, 
F.R.C.S.,  F.R.S.,  1870,  63. ;  1871-3, 10s.  6d.,  1874-5,  10s.  6d.;  1876-8, 
10s.  6d. 

ECZEMA: 

by  McCall  Anderson,  M.D.,  Professor  of  Clinical  Medicine  in  tlie  Uni- 
versity of  Glasgow.  Third  Edition,  8vo,  with  Engravings,  7s.  6d.  [1874] 

PSORIASIS  OR  LEPRA, 

by  Geoege  Gaskoin,  M.R.C.S.,  Surgeon  to  the  British  Hospital  for 
Diseases  of  the  Skin.    8vo,  5s.  D875] 

CERTAIN  ENDEMIC  SKIN  AND  OTHER  DISEASES 

of  India  and  Hot  Climates  generally,  by  TiLBUEy  Fox,  M.D.,  F.R.C.P., 
and  T.  Paeqithae,  M.D.  (Published  under  the  sanction  of  the  Secre- 
tary of  State  for  India  in  Council).    8vo,  10s.  6d. 

ON  CERTAIN  RARE  DISEASES  OP  THE  SKIN: 

Being  vol.  1  of  Lectures  on  Clinical  Surgery.  By  Jonathan 
Hutchinson,  F.R.C.S.,  Senior  Surgeon  to  the  London  Hospital,  and 
to  the  Hospital  for  Diseases  of  the  Skin.    8vo,  10s.  6d. 

PARASITES : 

a  Treatise  on  the  Entozoa  of  Man  and  Animals,  including  some  account 
of  the  Ectozoa.  By  T.  Spencee  Cobbold,  M.D.,  F.R.S.,  Professor 
of  Botany  and  Helminthology,  Royal  Veterinary  College.  With  85 
Engravings.    8vo,  15s.  [1879] 

MEDICAL  JURISPRUDENCE, 

Its  Principles  and  Practice,  by  Alpeed  S.  Tatloe,  M.D.,  F.R.C.P., 

F.R.S.    Second  Edition,  2  vols.,  8vo,  with  189  Engravings,  £1  lis.  6d. 

[187S] 

BT  THE  SAMB  ATTTHOE, 

A  MANUAL  OF  MEDICAL  JURISPRUDENCE. 

Tenth  Edition.    Crown  8vo,  with  55  Engravings,  14s.  1^^^'^ 

Also, 

POISONS, 

in  Relation  to  Medical  Jurisprudence  and  Medicine.  Third  Edition, 
crown  8vo,  with  104  Engravings,  16s.  I^^^^^ 

MEDICAL  JURISPRUDENCE  : 

Lectures  by  Feancis  Ogston,  M.D.,  Professor  of  Medical  Jui-is- 
pmdence  and  Medical  Logic  in  the  University  of  Aberdeen.  Edited 
by  Feancis  Ogston,  Jun.,  M.D.,  Assistant  to  the  Professor  of 
Medical  Jurisprudence  and  Lecturer  on  Practical  Toxicology  in  the 
University  of  Aberdeen.    8vo,  with  12  Copper  Plates,  18s.  [1878] 

IDIOCY  AJSTD  IMBECILITY, 

by  William  W.  Ieeland,  M.D.,  Medical  Superintendent  of  the 
Scottish  National  Institution  for  the  Education  of  Imbecile  Children 
at  Larbert,  Stirlingshire.    With  Engravings,  8vo,  14s.  ^^^'^ 
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A  MAmJAL  OF  PSYCHOLOGICAL  MEDICINE :       .   .     ^  . 
^tntS^g  the  Lxmacy  Laws,  Nosology,  etiology.  Statistics.  Descrip- 
tion. Diagnosis,  Pathology,  and  Treatment  of  Insanity,  with  an 
Appendix  of  Cases.   By  John  C.  Bucknill,  M.D.,  F.RS.,  and  D 
Hack  Tuke,  M.D..  F.R.C.P.   Fourth  Edition,  with  12  Plates  (30 
Fi'nires)  and  Engravings.   8vo,  25s.  ^^'^^^ 

A  HaSdY-BOOK  of  forensic  medicine  and  TOXICOLOGY, 
by  W.  Bathukst  Woodman,  M.D.,  F.R.C.P.,  Assistant  Physician 
and  Co-Lectnrer  on  Physiology  and  Histology  at  the  London  Hospital ; 
and  C.  Metmott  Tidy,  M.D.,  F.C.S.,  Professor  of  Chemistry  and  of 
Medical  Jui-isprudence  and  Public  Health  at  the  London  Hospital. 
With  8  Lithographic  Plates  and  IIG  Engravings,  8vo,  31s.  6d.  tl877] 

MEDICAL  OPHTHALMOSCOPY:  ^^tt^  thtj^-p 

^A  Manual  and  Atlas,  by  William  R.  Gowees,  M.D.,  F.R.O.P., 
Assistant  Professor  of  Medicine  in  University  College,  and  Assistant 
Physician  to  the  Hospital.  With  16  Coloured  Autotype  and  Litho- 
graphic Plates,  and  Woodcuts,  comprising  112  Original  Illustrations 
of  the  Changes  in  the  Eye  in  Diseases  of  the  Brain,  Kidneys,  &c. 
8  18  [1^79] 
THE  MEDICAL  ADVISER  IN  LIFE  ASSURAI^CE, 

by  Edwaed  Heney  Sieveking,  M.D.,  F.R.O.P.,  Physician  to  St. 
MaiVs  and  the  Lock  Hospitals;  Physician-Extraordinary  to  the 

Oueen-  PhYsician-in-Ordinaiy  to  the  Prince  of  Wales,  &c.  Crown 
vt""--*^ ,  J  [1874] 
8vo,  6s. 

MADNESS:  .       ,     T    r        V  X. 

in  its  Medical,  Legal,  and  Social  Aspects,  Lectures  by  Ei>qab 
Sheppaed,  M.D..  M.R.C.P.,  Professor  of  Psychological  Medicine  m 
King's  College;  one  of  the  Medical  Superintendents  of  the  Cobaey 
Hatch  Lunatic  Asylum.   8vo,  6s.  6d.  ^^^^ 

A  MANUAL  OF  PRACTICAL  HYGIENE, 

by  E  A  Paekes,  M.D.,  F.R.S.  Fifth  Edition,  by  F.  De  Ohaxjmont, 
MD  FRS  Professor  of  Military  Hygiene  in  the  Ai-my  Medical 
School.    8vo,'  with  9  Plates  and  112  Engravings,  I83.  Oms: 

SANITARY  EXAMINATIONS 

of  Water  Aii-  and  Food.  A  Vade  Mecum  for  the  Medical  Officer  of 
Health,  by  Coenelius  B.  Fox.  M.D.  With  94  Engravings,  crown 
8vo,  128.  6d.  ^^^^^ 

DANGERS  TO  HEALTH: 

A  Pictorial  Guide  to  Domestic  Sanitai^  Defects,  by  T.  Pbidgin 
Teale,  M.A.,  Surgeon  to  the  Leeds  General  Infirmary.  With  55 
Lithoffrapha,  8vo.  10a. 

MICROSCOPICAL  EXAMINATION  OF  DRINKING  WATER: 

A  Guide,  by  John  D.  Macdonald,  M.D..  F.R.S.,  Assistant  Pro- 
feasor  of  Naval  Hygiene,  Army  Medical  School.  8vo,  with  24  Plates, 
78. 6d. 
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A  HANDBOOK  OF  HYGIENE  AND  SANITARY  SCIENCE, 

by  Geoege  "Wilson,  M.A.,  M.D.,  Medical  Officer  of  Health  for  Mid- 
Warwickshii-e.    Third  Edition,  post  8vo,  with  Engravings,  10s.  6d. 

HANDBOOK  OF  MEDICAL  AND  SURGICAL  ELECTRICITY,*^*"^ 
by  Heebeet  Tidbits,  M.D.,  E.R.C.P.E.,  Senior  Physician  to  the 
West  London  Hospital  for  Paralysis  and  Epilepsy.  Second  Edition, 
8vo,  with  95  Engi-avings,  9s.  [1877] 

BX  THE  SAME  AUTHOE. 

A  MAP  OF  ZIEMSSEN'S  MOTOR  POINTS  OF  THE  HUMAN  BODY : 
a  Guide  to  Localised  Electrisation.  Mounted  on  Rollers,  35  x  21. 
With  20  Illustrations,  5s.  [1877] 

CLINICAL  USES  OF  ELECTRICITY; 

Lectures  delivered  at  University  College  Hospital  by  J.  Russell 
Reynolds,  M.D.  Lond.,  F.R.C.P.,  F.R.S.,  Professor  of  Medicine 
in  University  College.    Second  Edition,  post  8vo,  3s.  6d.  C187S] 

MEDICO-ELECTRIC  APPARATUS : 

A  Practical  Description  of  every  Form  in  Modem  Use,  with  Plain 
Directions  for  Mounting,  Charging,  and  Wording,  by  Salt  &  Son, 
Birmingham.  Second  Edition,  revised  and  enlarged,  with  33  Engrav- 
ings, 8vo,  2s.  6d.  [1877] 

A  DICTIONARY  OF  MEDICAL  SCIENCE ; 

containing  a  concise  explanation  of  the  various  subjects  and  terms  of 
Medicine,  &c. ;  Notices  of  Climate  and  Mineral  Waters ;  PormulsB.  for 
Officinal,  Empirical,  and  Dietetic  Preparations ;  with  the  Accentuation 
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